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ABSTRACT 
 
 
Evaluation of Antihistamines for in vitro Antimalarial Activity against 
Plasmodium falciparum  
 
Aneesa Shaik 
 
M. Pharm thesis, School of Pharmacy, University of the Western Cape, Bellville, South Africa 
 
January 2011 
 
The declining efficacy of antimalarial drugs against resistant Plasmodium falciparum strains in 
several endemic regions has amplified the world’s burden of neglected diseases. This has 
highlighted the need for alternate strategies for chemotherapy and chemoprophylaxis. Since 
malaria is prevalent primarily in third world countries, it is critical for novel therapies to be 
affordable. Previous research has found that some antihistamines possess inherent antimalarial 
activity and cause a marked reversal of chloroquine resistance in vitro and in vivo. Promising 
results have been demonstrated when chlorpheniramine was combined with chloroquine to 
reverse chloroquine resistance in two African studies (Sowunmi et al, 1997; Abok., 1997). 
Recently, astemizole and its principle human metabolite desmethylastemizole were identified as 
potent inhibitors of Plasmodium falciparum at sub-micromolar concentrations in both 
chloroquine sensitive and chloroquine resistant parasites, showing efficacy in vitro and in two 
mouse models. The promising results observed with these studies warrant a more comprehensive 
understanding of how antihistamines interact with the malaria parasite. Additionally, analysing 
the different structural and mechanistic characteristics of antihistamines may lead to the design 
and development of effective and affordable antimalarial agents or chloroquine resistance 
modulators. 
 
This thesis describes the antimalarial activity of mainly off-patent (generic) antihistamines by 
comparing the efficacy of a total of 24 antihistamines, representing histamine1, histamine2, and 
histamine3 receptor antagonists, against chloroquine-sensitive and chloroquine-resistant strains 
of Plasmodium falciparum. Cyproheptadine, ketotifen, loratadine, desloratadine, 3-(1H-
Imidazol-4-yl) propyldi (p-fluorophenyl) methyl ether hydrochloride and ciproxifan display IC50 
values less than 4µg/ml. There was no significant difference in the sensitivity to antihistamines 
among the chloroquine sensitive and resistant parasites tested. A tricyclic nucleus appears to be 
an important structural scaffold for antihistamines which exhibit low IC50 values.  
 
Synergistic studies indicate that enhancement of the antimalarial effect of chloroquine on P. 
falciparum was observed with the ethanolamines against the chloroquine sensitive parasites. 
Cyproheptadine, ketotifen and desloratadine exerted a marked synergistic action with 
 
 
 
 
V 
 
chloroquine against chloroquine sensitive and resistant parasites. Chlorpheniramine exhibited 
synergism with chloroquine against resistant parasites only. 
Microscopic studies illustrate the effect of antihistamines on parasite morphology when 
compared to control. Using immunofluorescence microscopy, it was seen that ketotifen 
decreases haemoglobin localization while cyproheptadine increases haemoglobin localization in 
the parasite’s food vacuole. Western blots have confirmed these results, in addition to indicating 
that chlorpheniramine decreases the haemoglobin content in the parasite.  
 
 
The results confirm that certain antihistamines do indeed cause a reduction in the growth of 
malaria parasites.  Furthermore, the histamine1 and histamine3 receptor antagonists are most 
active while histamine2 receptor antagonists have no antimalarial activity. Microscopic studies 
suggest that antihistamines do not exert their antimalarial effect via a single mechanism of 
action. 
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Chapter 1 
Introduction 
 
1.1 Background 
Malaria is undoubtedly the most important parasitic disease in terms of human suffering. About 
3.3 billion people, that is, half of the world's population are at risk of malaria. In 2008, there 
were 247 million cases of malaria which resulted in one million deaths, mostly among children 
living in Africa.  A child dies every 45 seconds of malaria in Africa and the disease accounts for 
20% of all childhood deaths (World Health Organisation, 2009). The control of malaria is 
threatened by inadequate resources and drug resistance. Worldwide it is Africa that carries the 
greatest burden of falciparum malaria mortality and morbidity and it is also Africa that is most 
resource- limited (Winstanley, 2003).  
 
Studies published in 2003 estimate an average cost of approximately $800 million to bring a 
drug with a New Chemical Entity to market (DiMasi et al, 2003). A study published in 2006 
estimates that costs vary from around $500 million to $2 billion depending on the therapy or the 
developing firm (Adams and Brantner, 2006). With the cost of new drug discovery rising, novel 
therapeutics for diseases, such as malaria which are endemic to the third world seems out of 
reach for the people in dire need of a cure.  
 
1.2 Life Cycle of the Malaria Parasite 
Human malaria is caused by four species of the Plasmodium parasite, namely P. falciparum, P. 
vivax, P. ovale, and P. malaria (Mueller et al, 2007). The infected female Anopheles mosquito 
feeds on human blood and injects the parasites in the form of sporozoites into the bloodstream. 
The sporozoites travel to the liver and invade hepatocytes. Over 5-15 days, the sporozoites grow, 
divide, and produce tens of thousands of haploid forms, called merozoites, per liver cell. Some 
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malaria parasite species remain dormant for extended periods in the liver, causing infection and 
relapses, weeks or months later. The merozoites exit the liver cells and re-enter the bloodstream, 
beginning a cycle of invasion of red blood cells, asexual replication, and release of newly formed 
merozoites from the red blood cells repeatedly over 1-3 days.The merozoite develops within the 
erythrocyte through ring, trophozoite and schizont stages (Fujioka and Aikawa, 2002). 
 
After entering the erythrocyte the parasite undergoes a trophic period. The young trophozoite is 
often called a ‘ring’ due to its morphology. As the parasite increases in size this 'ring' 
morphology disappears and it is referred to as trophozoite. After a period of growth the 
trophozoite undergoes an asexual dividing process of erythrocytic schizogony. The nucleus 
divides 3-5 times into a variable number of small nuclei. This is soon followed by the division of 
cytoplasm forming a schizont. Mature schizonts are fully developed forms in which, as a result 
of segmentation of the nucleus and the cytoplasm a number of small rounded merozoites are 
produced. The erythrocyte containing the segmented schizonts eventually ruptures and releases 
the newly formed merozoites that invade new erythrocytes. Concomitantly, a small portion of the 
parasites differentiate from newly invaded merozoites into sexual forms, which are 
macrogametocyte (female) and microgametocyte (male) (Bannister and Mitchell, 2003; Ibezim 
and Odo, 2006). 
 
When a mosquito bites an infected human, it ingests the gametocytes. In the mosquito gut, the 
infected human blood cells burst, releasing the gametocytes, which develop further into mature 
sex cells called gametes. Male and female gametes fuse to form diploid zygotes, which develop 
into actively moving ookinetes that burrow into the mosquito midgut wall and form oocysts.  
Growth and division of each oocyst produces thousands of active haploid forms called 
sporozoites. After 8-15 days, the oocyst bursts, releasing sporozoites into the body cavity of the 
mosquito, from which they travel and invade the mosquito salivary glands. The cycle of human 
infection re-starts when the mosquito takes a blood meal, injecting the sporozoites from its 
salivary glands into the human bloodstream (Fujioka and Aikawa, 2002). Figure 1.1. outlines the 
complete life cycle of the malaria parasite. 
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Figure 1.1: The life cycle of the malaria parasite. Image taken from                                   
http:// www.cdc.gov/malaria/biology/life_cycle.htm 
 
 
 
 
4 
 
1.3 Antimalarial Drugs that Target the Blood Stages 
The search for effective antimalarial agents is ongoing; however, current antimalarial drugs can 
be grouped into three major classes: 
 
1.3.1. Quinolines: (e.g. chloroquine (CQ), mefloquine, quinine, amodiaquine) and related aryl 
alcohols have been the mainstay of antimalarial therapy and prevention (Robert et al, 2001). 
 
1.3.2. Antifolates: (pyrimethamine, cycloguanil) that inhibit nucleotide biosynthesis by limiting 
essential folate cofactors (Ouellette, 2001; Robert et al, 2001). 
 
1.3.3. Artemisinin and derivatives: (artemether, arteether, artenusate) are sesquiterpene lactone 
peroxides and breakdown of the labile peroxide bridge within the sesquiterpene lactone molecule 
generates free radicals that are toxic parasite (De Vries and Dien, 1996). 
 
Resistance to the first two classes is widespread, and resistance to the third is proceeding much 
more rapidly than initially expected. 
 
The structures of the main antimalarial drugs are shown in figure 1.2 for reference. 
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Figure 1.2:  Structures of common antimalarial drugs 
 
 
 
1.4. Chloroquine (CQ) 
CQ was discovered 75 years ago and for a long time was the drug of choice against malaria.  
However, CQ resistance has increased to the point where it is virtually ineffective in many 
malarious regions. Since CQ is the most efficacious low-cost drug available, CQ resistance has 
been exceptionally detrimental in third-world countries where the spread of malaria is rampant 
(Ouellete, 2001). 
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CQ is postulated to have several mechanisms of action. Amongst those which receive the most 
support are the following: 
 
1.4.1 Altered pH in the Acidic Food Vacuole 
The malaria parasite contains an acidic digestive food vacuole, similar to mammalian lysosomes 
(Krogstad et al, 1985). Intraerythrocytic malaria parasites ingest the erythrocyte haemoglobin via 
endocytosis and deliver it to the parasite food vacuole in endosomes (Hoppe et al, 2004; Roberts, 
et al, 2008). CQ, taken up with haemoglobin accumulates in the acidic food vacuole of 
intraerythrocytic malaria parasites by virtue of its weak base properties (Sullivan et al, 1996; 
Yayon et al, 1984). CQ is a diprotic weak base with pKa’s of 8.1 and 10.2. In its uncharged 
form, CQ diffuses freely through the membrane into the parasites cytoplasm which has a pH of 
7.4.  The parasites food vacuole has a pH of 5.2-5.4 and CQ diffuses into acidic compartments of 
the malaria parasite down this pH gradient (Yayon et al, 1984). Once inside the food vacuole CQ 
becomes diprotonated and membrane impermeable.  Therefore, the extent of CQ accumulation 
depends on the difference in pH between the parasite food vacuole and the extracellular 
environment (Krogstad et al, 1985; Yayon et al, 1985). Krogstad et al (1985) verified that 
antimalarials, CQ, quinine, and mefloquine as well as NH4Cl inhibited parasite growth at 
concentrations virtually identical to those that increased parasite vacuole pH. The increase in 
vacuolar pH disrupts metabolic processes such as receptor mediated endocytosis, lysosomal 
enzyme targeting and enzyme mediated haemoglobin degradation which ultimately leads to 
starvation of the parasite. 
 
1.4.2 Interaction with Ferriprotoporphyrin IX (FPIX) 
The haemoglobin inside the parasite food vacuole is hydrolysed by aspartic proteases to free 
haem (Fe+3) or ferriprotoporphyrin IX and denatured globin. The denatured globin is further 
hydrolysed into amino acids which are used by the parasite for protein synthesis (Kumar et al 
2007). Free haem is toxic due to its ability to destabilise and lyse membranes (Chou and Fitch, 
1981). To overcome free haem (Fe+3) toxicity, the malaria parasite detoxifies haem by 
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polymerization of FPIX to an inert crystal called malaria pigment or haemozoin. (Jani et al, 
2008). This involves dimerization of FPIX to ß-haematin which is promoted by unsaturated 
lipids. The lipids serve in concentrating monomeric FPIX, thereby maintaining a state favourable 
for dimerization (Fitch et al, 2003).  CQ interferes with FPIX detoxification by masking 
unsaturated lipids in parasitized erythrocytes rendering them unavailable for FPIX dimerization. 
Fitch and Russel (2006) propose that CQ binds with high affinity to FPIX removing it from 
globin. Consequently, FPIX complexes with CQ and an excess of denatured globin could be 
produced in endosomes. The FPIX-CQ complex has membrane toxicity and it inhibits 
endosomal maturation which results in a reduction in haemoglobin degradation and cause 
formation of haemoglobin-laden vesicles with double membranes. Therefore, inhibition of 
endosomal maturation could allow unsaturated membrane lipids to remain masked and 
unavailable to promote FPIX dimerization. Furthermore, Sullivan et al (1996) suggest that a CQ-
FPIX complex incorporates into the growing polymer of haemozoin to terminate chain 
extension, blocking further sequestration of toxic haem. 
 
1.4.3 Inhibition of Glutathione - dependent or Peroxidative degradation of FPIX 
Ginsburg et al (1998) proposed that CQ prevents degradation of haem by glutathione. They 
suggest that only 30% of the free haem is converted into haemozoin and that the remainder of the 
haem that exits in the food vacuole is degraded by gluthatione in the parasite’s cytosol. They 
show that CQ and amodiaquine competitively inhibit the degradation of haem by glutathione, 
thus allowing haem to accumulate in membranes. 
 
Loria et al (1999) suggest that free haem moieties are by-products of haemoglobin degradation. 
The haem in oxyhaemoglobin is oxidized from the Fe (II) state to the (Fe III) state with the 
consequent production of H2O2. They suggest that only one third of the haem is polymerized to 
form haemozoin and that free haem is degraded by reacting with H2O2 causing its own 
peroxidative decomposition. CQ would accumulate in the food vacuole where it would inhibit 
haem peroxidative decomposition, promoting the association of haem with membranes. This 
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would lead to a build up of toxic moieties which would irreversibly damage the proteins and 
lipids of the food vacuole.    
 
The results presented in the two above-mentioned studies were questioned by Egan et al (2002). 
They concluded that more than 95% of the haem iron released from host haemoglobin was in the 
form of haemozoin. Spectroscopic analysis showed that haemozoin was the only detectable iron 
species in parasites.   This contradicts the studies of Ginsburg et al (1998) and Loria et al (1999).  
 
There is often a lack of general consensus regarding the precise mechanism of action of CQ; 
however, it is evident that CQ interferes with crystallization of free haem monomers released 
during proteolysis of haemoglobin by binding to them causing a build up of toxic haem.   
 
1.5. Chloroquine Resistance 
CQ resistance was first observed in Thailand in 1957 and on the Colombian-Venezuelan border 
in 1959. By 1988 resistance had spread to essentially all of sub-Saharan Africa and today CQ has 
lost its efficacy in all but a few areas of the world (World Health Organisation, 2009). 
 
Mechanism of Resistance 
The mechanism of CQ resistance (CQR) is still not fully understood. Many studies demonstrate 
the central role of two proteins, namely Pgh1 (P-glycoprotein homolog 1) and CRT (CQ 
resistance transporter) in mediating CQR.  Both are essential membrane proteins, localized to the 
parasite’s food vacuole membrane. 
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1.5.1. Access to haematin: Basis of CQR 
Resistant strains of P. falciparum have developed a mechanism that reduces access of CQ to 
FPIX, subsequently decreasing the accumulation of CQ in the parasites food vacuole (Bray et al., 
1998). Verapamil and other structurally unrelated drugs selectively chemosensitize or “reverse” 
CQR by inhibiting this mechanism and increasing the accumulation of CQ within the parasites 
(Bray et al, 1999) 
 
1.5.2 Plasmodium falciparum CQ Resistant Transporter  
The Plasmodium falciparum CQ resistant transporter (pfCRT) protein localizes to the digestive 
vacuole membrane and contains 10 putative transmembrane domains. Mutations within the 
pfCRT, particularly a K76T (lysine to threonine) amino acid substitution at codon 76 in a 
predicted transmembrane region appear to reduce the binding of CQ to FPIX. Transfection 
experiments done previously have shown that mutant pfcrt alleles can confer CQR to a CQ-
sensitive (CQS) strain and that resistance is dependent on the presence of the PfCRT K76T 
mutation (Sidhu et al, 2002). 
 
Recent bioinformatic analysis reveals that CRT protein is a member of a previously undefined 
family of proteins, falling within the drug and metabolite transporters (DMT) super-family 
(Martin and Kirk, 2004). The amount of CQ imported into the parasite is dependant upon the 
integrity of the proton gradient maintained across the vacuolar membrane (Bray et al, 2006).€ 
However, the pH of the food vacuole does not play a primary role in CQR, since there was no 
significant difference in food vacuole pH of CQS and CQR parasites (Hayward et al, 2006). 
Bray et al (2006) studied the energy coupling and subcellular localization of CQ uptake process 
and they demonstrated that the mutant PfCRT functions as a gated channel or pore, resulting in 
charged CQ species to leak out of the parasites food vacuole which reduces the binding to FPIX.  
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1.5.3 Plasmodium falciparum Multi- Drug resistant (MDR) Gene 
In both micro-organisms and tumours, drug resistance can arise from the presence of P-
glycoprotein (P-gp) that are capable of expelling a variety of structurally and functionally 
unrelated drugs. P-gp belongs to the ABC (ATP-binding cassette) transporter super-family and is 
encoded by MDR genes. P. falciparum possesses an MDR homologue (pfmdr1) whose gene 
product, Pgh-1, is expressed during intraerythrocytic development of the parasite. The malarial 
protein, Pgh1 or MDR1, is a 162 kDa ABC-type transporter with 12 predicted transmembrane 
domains and two ATP-binding folds thought to be involved in importing solutes into the food 
vacuole, including the drugs mefloquine, halofantrine and artemisinin (Rohrbach et al, 2006).  
 
Point mutations in pfmdr1 have been associated with changes in parasite susceptibility to CQ, 
quinine, mefloquine, and artemisinin derivatives, in both laboratory cell lines and clinical 
isolates. Studies associating pfmdr1’s role in decreasing CQ susceptibility has been inconsistent 
and unlikely to be accountable for all cases of CQR (Price et al, 1999). Pfmdr1 copy number and 
the expression of Pgh1 are closely correlated with resistance to mefloquine rather than to CQR in 
field isolates and drug-pressured laboratory cell lines (Price et al, 1999; Nelson et al, 2005). 
 
Recent studies by Johnson et al (2008), however, have presented novel evidence that pre-
treatment with phenobarbitone can elicit decreased susceptibility to CQ in both CQ-resistant and 
CQ-sensitive parasite lines and that this is associated with the increased expression of the drug 
transporter Pgh1. The proximal promoter regions from both pfmdr and pfcrt were investigated 
and numerous putative binding sites for nuclear receptors with sequence similarities to regions 
known to be activated by phenobarbitone in mammals were identified. These findings raise the 
novel theory that nuclear-receptor-mediated responses to drug exposure might be a method of 
gene regulation in P. falciparum. 
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1.6. Non- Antibiotics with Antimalarial Activity 
The antimicrobial activity of synthetic, non- chemotherapeutic compounds such as phenothiazine 
and methylene blue has been known since the time of German scientist, Paul Ehrlich (1854-
1915). A variety of compounds, which are employed in the management of pathological 
conditions of a non-infectious aetiology have displayed broad spectrum antimicrobial activity 
against bacteria and other micro-organisms. Drugs that are neither antibiotic nor antimicrobial 
chemotherapeutic agents but which possess antimicrobial properties are termed non-antibiotics 
(Kristiansen and Amaral, 1997).  It has been noted from numerous studies that phenothiazines, 
thioxanthenes, other neuroleptics, antihistamines (AHs), and some cardiovascular agents are 
among many drugs capable of inhibiting diverse classes of microbes at different dosing levels 
(Amaral et al, 2001; Kristiansen and Amaral, 1997). 
 
Similarly, many studies have identified compounds ranging from diverse pharmacological and 
structural classes to possess intrinsic antimalarial activity. 
 
The antimalarial properties of phenothiazines have been well- established. The concentrations 
required for promoting these effects are clinically feasible and non-toxic. However, the use of 
phenothiazines has not materialised as antimalarials due to their ability to produce serious side 
effects (Amaral et al, 2001). 
 
Weisman et al (2006) employed high throughput screening to a library of known drugs, which 
indicated that two drugs, namely the anti-arrhythmic propafenone and the antipsychotic 
thioridazine, exhibit growth inhibition activity against P. falciparum in the same concentration 
range as exhibited in patient serum levels at therapeutic dosing for their indicated uses. 
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The effects of a series of bisphosphonates on the inhibition of growth of P. falciparum in vitro 
were studied. The most active compounds were n-alkyl bisphosphonates. Five compounds were 
selected for in vivo investigation in a Plasmodium berghei mouse suppressive test. The most 
active compound caused an 80% reduction in parasitaemia with no overt toxicity (Martin et al, 
2001; Ghosh et al, 2004). 
 
A recent study demonstrated that anti-arthritic gold (I) drug; Auranofin causes a strong and 
nearly complete inhibition of P. falciparum growth in vitro, at very low concentrations (Sannella 
et al, 2008). 
 
1.6.1 Intrinsic Antimalarial Activity of Antihistamines 
An early study on the antimalarial activity of five antihistaminic compounds against P. 
falciparum in vitro and in vivo, demonstrated that cyproheptadine, ketotifen, pizotyline, 
loratadine and azatadine possessed inherent antimalarial activity in vitro against a CQS strain. 
Cyproheptadine, pizotyline and loratadine were slightly more active in the CQR strain in vitro, 
while ketotifen and azatadine were significantly less active. The in vivo results established that 
cyproheptadine, ketotifen and pizotyline were active against the CQS strain while the activity of 
these compounds was enhanced against the CQR strain (Peters et al, 1990). 
 
Singh and Puri (1998) evaluated five tricyclic AHs for prophylactic activity against Plasmodium 
yoelii nigeriensis infection in mice. Treatment with cyproheptadine, ketotifen and terfenadine 
completely prevented the establishment of patent infection in mice while partial activity was 
noted for azatadine and loratadine as there was a marginal delay in the development of patent 
infection. 
 
A clinical drug library screen identified astemizole and its principle human metabolite 
desmethylastemizole as potent inhibitors of P. falciparum at sub-micromolar concentrations in 
both CQS and CQR parasites, showing efficacy in vitro and in two mouse models. Furthermore, 
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experimental evidence suggested that astemizole and desmethylastemizole inhibit haem 
crystallization, and co-purify with haemozoin within the P. falciparum food vacuole in both 
CQR and CQS parasites. However, in 1999 astemizole was voluntarily withdrawn from the 
United States and Europe after decreased sales due to warnings about its safety, yet it is currently 
sold in generic form in over 30 countries, including Cambodia, Thailand and Vietnam, which are 
malaria endemic (Chong et al, 2006).  
 
1.7 Quinoline Resistance Reversal 
It is well established that certain compounds have the ability to restore the anti-neoplastic effect 
in MDR cancer cells (Martin et al, 1987; Martiney et al, 1995). This phenomenon was suggested 
as a possible mechanism to explain P. falciparum resistance to CQ. 
 
1.7.1 Calcium Channel Blockers 
The modulation of CQ resistance with calcium channel blocker, verapamil was first reported in 
1987 (Martin et al, 1987). Since the discovery of the chemosensitizing potential of verapamil, 
several structurally unrelated compounds have also demonstrated resistance reversal potential. 
Other cardiovascular agents, namely diltiazem, nifedipine, nicardipine, amlodipine and 
verapamil analogues were shown to restore CQ sensitivity in CQR P. falciparum strains 
(Adovelande et al, 1998; Menezes et al, 2003). Studies in Aotus monkeys demonstrated that 
verapamil did not reverse CQ resistance, but this could be due to pharmacokinetics or drug 
metabolism in the host.  The cardiovascular side effects of verapamil in the concentration range 
utilized by Martin et al (1987) and the mortality observed in the Aotus monkeys may also have 
militated against the use of verapamil (Kyle et al, 1993). The non-classic calcium channel 
blockers, fantofarone was combined with verapamil, and have shown that these two agents act 
synergistically as a significant lowering of the required verapamil concentration was observed 
(Adovelande et al, 1998). 
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1.7.2 Tricyclic Antidepressants 
Tricyclic antidepressants were also identified as modulating agents in CQR P. falciparum, both 
in vitro and in vivo. Desipramine and imipramine reversed CQ resistance in vitro at 
concentrations observed in the plasma of patients using antidepressants. Furthermore, the 
parasitaemias of owl monkeys treated with CQ-desipramine were considerably suppressed 
(Bitonti et al, 1988; Menenzes et al, 1997).  However, desipramine did not enhance efficacy of 
CQ in clinical trials, possibly due to the ability of this drug to bind to plasma proteins, in 
particular to the α1- acid glycoprotein, highly present in malaria patients (Boulter et al, 1993). 
Promising results were observed in a study that examined the efficacy of imipramine-CQ 
combination and its bioavailability among Sudanese patients with CQR P. falciparum infection, 
with mild to moderate side effects. They attributed these results to variation of plasma proteins 
among malaria patients (Adam et al, 2004). 
 
Fluoxetine, a serotonin re-uptake inhibitor, was able to modify CQ resistance in vitro; however, 
possible toxicity precludes clinical utility (Gerena et al, 1992). Additionally, citalopram, which is 
an extremely potent inhibitor of neuronal serotonin reuptake, enhanced the activity of CQ in 
resistant plasmodium in vitro and in vivo, and exhibited minimal toxicity when compared to 
other psychotropic drugs. Detailed toxicology and pharmacokinetic studies are still required 
(Evans et al, 1998). 
 
The vitro modulating effect of antidepressant drugs was considered in terms of its particular re-
uptake blocking effect in relation to its ability to increase CQ accumulation, as well as to 
increase CQ sensitivity when resistant parasites are incubated in the presence of antidepressants. 
Amitripyline reversed CQ resistance at doses comparable to steady state serum levels reported in 
patients undergoing treatment (Taylor et al, 2000). 
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1.7.3 Phenothiazines (Antipsychotic Drugs) 
Antipsychotic agents, specifically phenothiazine drugs: chlorpromazine, trifluoperazine, 
prochlorperazine, methotrimeprazine, and fluphenazine have demonstrated in vitro resistance 
reversal of CQ (Basco and Le Bras, 1992; Kalkanidis et al, 2002; Menenzes et al, 2002). 
Combinations of chlorpromazine or prochlorperazine with CQ reversed resistance as was evident 
by cures obtained in Aotus monkeys infected with CQR P. falciparum. However, the doses 
required to obtain these results are unwarranted for human indication (Kyle et al, 1993). Notably, 
phenothiazine drugs would reverse the CQR South American parasites with a lesser degree of 
susceptibility, compared to the African and Southeast Asian isolates as was the case with 
verapamil (Menezes et al, 2002). 
 
1.8. Synergism between Antihistamines and Quinolines 
AHs are of clinical significance because they are commonly co-prescribed with CQ, to relieve 
CQ-induced pruritis and as an anti-emetic (Oduola et al, 1998; Fehintola et al, 2004). Various 
studies have correlated increased levels of histamine with disease severity in P. falciparum 
infection. The use of AHs has also been suggested as preventative therapy to reduce the risk of 
progression to severe malaria (Beghdadi et al, 2008 and 2009). 
 
Several studies have confirmed that tricyclic histamine (H1) receptor antagonists reverse CQ 
resistance in P. falciparum in vitro and in vivo. Antihistaminic agents, namely ketotifen, 
pizotyline, azatadine and cyproheptadine, reversed CQ resistance in mice infected with P. yoelii 
ssp. and in P. falciparum in vitro (Peters et al, 1990; Valecha et al, 1992). Cyproheptadine and 
ketotifen significantly potentiated the efficacy of halofantrine against halofantrine resistant P. 
yoelli nigeriensis (Singh and Puri, 2000a). A similar study suggested that cyproheptadine in 
combination with CQ produced a curative response in CQR P. yoelli nigeriensis, while ketotifen, 
azatadine, and pheniramine produced a moderate effect in combination with CQ (Singh and Puri, 
2000b). However, cyproheptadine was not effective in reversing CQ resistance in Aotus 
monkeys as probable drug toxicity was observed (Kyle et al, 1993).   
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Agrawal et al (2002) investigated the effect of cyproheptadine, on the formation of haemozoin 
by MDR P. yoelii, both in vitro and in vivo. The data suggests that cyproheptadine inhibited 
haem polymerization (enzymatic reaction involving haem polymerase) activity in the cell-free 
parasite extract and cause a significant decrease in intact erythrocytes. Disruption of the haem 
detoxification process by cyproheptadine was also confirmed in vivo. Notably, the dose of 
cyproheptadine used in this study was higher than that of the therapeutic range. 
 
The use of chlorpheniramine, another tricyclic AH, in combination with CQ has demonstrated 
promising results in clinical studies to reverse CQR in humans. A clinical trial in Nigeria 
evaluated the efficacy of CQ-chlorpheniramine combination in 98 children with acute 
uncomplicated P. falciparum. The cure rate on day 14 was 81% among those children receiving 
CQ-chlorpheniramine (Sowunmi and Oduola, 1997). Another study compared the 
pharmacokinetics of CQ when given alone or concomitantly with chlorpheniramine to Nigerian 
children with P. falciparum malaria. Whole-blood CQ concentrations were monitored by means 
of high-performance liquid chromatography (HPLC) analysis of blood dried on filter paper. 
Pharmacokinetic analysis suggested that the peak whole-blood CQ concentration (Cmax) and the 
area under the first-moment drug-concentration-time curve (AUMC) were notably increased in 
the presence of chlorpheniramine. The time to achieve the peak (Tmax) was reduced when 
administered with chlorpheniramine. A shorter parasite clearance time and higher cure rate was 
observed with CQ- chlorpheniramine combination when compared to treatment with CQ alone, 
which provides additional data on the concomitant use of both these drugs (Okonkwo et al, 
1999). 
 
Chlorpheniramine also demonstrated potentiation with mefloquine, quinine and pyronaridine in 
addition to CQ as previously established, against a MDR P. falciparum strain and a CQR P. 
falciparum clone (Nakornchai and Konthiang, 2006). 
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A combination of promethazine and CQ was analysed in vitro against several CQR strains, in the 
P. falciparum Aotus monkey model and in bioassays from volunteers given promethazine. The 
results from this study indicate that promethazine is a potent modulator of CQR both in vitro and 
in vivo. Significant reduction in IC50 was found with plasma samples obtained from volunteers, 
3-4 hours after administration of promethazine. Consequently, promethazine has the potential to 
reach plasma levels that enhance the effect of CQ (Oduola et al, 1998). 
 
A recent study compared the pharmacokinetic interactions between CQ- chlorpheniramine and 
CQ-promethazine in 15 healthy volunteers. Chlorpheniramine demonstrated a statistically 
significant increase in the erythrocytic accumulation of CQ, and in the bioavailability and half 
life of erythrocytic CQ. Promethazine, on the other hand, did not possess any significant effect 
although this may be due to the small number of volunteers or host related factors (Gbotosho et 
al, 2008). 
 
The utility of chlorpheniramine can be extended to include potentiation of amodiaquine in 
amodiaquine resistant parasites harbouring mutant pfcrtT76 and pfmdr1Y86 alleles. Five children 
who failed CQ and/or amodiaquine treatment were successfully retreated with concomitant use 
of chlorpheniramine and amodiaquine (Sowunmi et al, 2007).  
 
Astemizole displayed an additive effect when combined with CQ, quinidine and artemisinin in 
both CQS and CQR strains (Chong et al, 2006).  
 
With the exception of chlorpheniramine, resistance reversal agents have not been used clinically 
due to the requirement of higher concentrations than established therapeutic doses, mainly 
attributable to serum α1-acid glycoprotein binding.  
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1.9 Structural link to Antimalarial Activity 
The antimalarial activity and inhibition of the formation of ß- haematin by phenothiazine 
compounds were investigated by synthesizing a series of novel chlorpromazine analogues. The 
increase in antimalarial activity of certain phenothiazine analogues were correlated to an increase 
in the basicity of the alkyl amino side chains which ultimately may increase uptake into the 
acidic parasitic digestive food vacuole. Compounds which inhibited ß-haematin formation 
possessed alkyl amino side chains linked to the ring nitrogen. The most potent analogue had a 
branched tribasic side chain substitution and was reported to be 100 times better in activity than 
that of chlorpromazine against a CQS strain (Kalkanidis et al, 2002). 
 
1.10. Structural link to Resistance and Resistance reversal 
Despite the functional and structural assortment of the resistance reversal agents discussed 
above, most of them have common structural characteristics.  Lipid solubility, two planar 
aromatic rings, a cationic charge and tertiary nitrogen were found to be important features 
(Gerena et al., 1992). Loratadine is an AH that is structurally related to azatadine, 
cyproheptadine, and pizotyline but it was reported that loratadine lacks in vitro (Peters et al, 
1990) and in vivo (Singh and Puri, 2000) resistance modulating effects against P. falciparum and 
P. yoelli, respectively. Loratadine has the N atom as part of a non-basic carbamate group instead 
of a basic amine group, and consequently the charge at this proximal amine group is significant 
as can be exemplified by loratadine lacking significant resistance reversal properties. 
 
Cyclosporine A, ivermectin and progesterone have no effect on reversing CQR in P. falciparum 
(Van Schalkwyk et al, 2001) but they are very effective resistance reversal agents in 
mammalian- P-glycoprotein (Pouliot et al, 1997). Therefore, it is apparent that certain structural 
features are a requisite for CQR reversal. 
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Several studies have aimed to highlight the structure-activity relationships of resistance reversal 
agents. A study comparing the abilities of tricyclic imipramine and its analogues suggested that 
the direction of the dipole moment vector was essential for CQR reversal properties. Their 
analysis demonstrated that the calculated dipole moment vectors directed towards the aromatic 
ring or the nitrogen atom of the tricyclic ring in certain active analogues emphasize the critical 
function of the aromatic ring in relation to resistance reversal activity (Bhattacharjee et al, 2001). 
 
Another study by Bhattacharjee et al (2002) expressed the generation of a dependable chemical 
function-based 3D-QSAR model for CQR reversal by comparing the tricyclic compounds, 
imipramine and desipramine, as well as 15 of their analogues. Several quantitative structure-
activity relationship studies to determine the role of calculated stereo-electronic properties in aid 
of elucidating a pharmacophoric model for CQR reversal was performed. The results conclude 
that two aromatic hydrophobic sites and a hydrogen bond acceptor site, preferably at a side chain 
nitrogen atom is fundamental for resistance reversal (See Figure 1.3). Nine of the eleven CQR 
reversal agents from a group of structurally diverse compounds including cyproheptadine, 
ketotifen, azatadine, promethazine and chlorpheniramine, display the pharmacophore as 
illustrated on the 3D QSAR pharmacophore model. Electronic properties, specifically; frontier 
orbital energies and the intrinsic basicity of the nitrogen atom in the tricyclic heterocycle can be 
associated with CQR reversal. Structure-activity relationships accentuated lipophilicity and 
density of the molecule with significant resistance reversal properties 
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Figure.1.3: Pharmacophore model for CQ modulating agents based on that proposed by Bhattacharjee et 
al, (2002) 
 
Structure-activity relationship studies on a series of synthetic compounds capable of modulating 
CQR in P. falciparum were investigated. Four amine ring systems, specifically phenothiazine, 
iminodibenzyl, iminostilbene, and diphenylamine’s were prepared to study the effect of a 
polycyclic aromatic nucleus on resistance reversal activity. Phenothiazine analogues displayed 
the best resistance modulation in comparison to alternate ring systems. The length of the alkyl 
bridge is an important consideration as increasing the side chain from 3 carbons to 4-6 carbons 
enhances resistance reversal, with a 4 carbon side chain exhibiting potent activity. Steric 
tolerance was also explored by adding cyclic and non cyclic aliphatic amines. The bulky 
substituents at the side chain amino group resulted in a loss of activity. Conclusively, this study 
has highlighted 3 structural features of a compound that demonstrated superior chemosensitizing 
activity in comparison to verapamil. These features include a phenothiazine ring, a pyrrolidinyl 
group joined by a four carbon alkyl bridge (Guan et al, 2002). 
 
 
 
 
 
21 
 
Further insight into the structure activity relationships of resistance reversers was presented by 
investigating the effects of a series of dihydroethano-and ethenoanthracene derivatives on CQ 
accumulation in CQS and CQR strains. Synthetic 9, 10-dihydroethanoanthracene derivatives 
have been shown to reverse resistance to CQ in several strains and isolates. 
The nature of the basic group was linked to an increase in CQ accumulation and an amino group 
was a prevalent structural feature in many derivatives that successfully induced CQ accumulation 
(Pradines et al, 2002). 
 
A corresponding study by Alibert et al (2002) explored structure-activity relationships and 
molecular modeling studies of dihydroanthracene derivatives in an attempt to delineate a 
pharmacophoric moiety for resistance reversal. Owing to the fact that maprotiline (antidepressant 
that is chemically similar to tricyclic antidepressants) has shown anti-MDR activity on cancer 
cells and P. falciparum, a novel set of rigid 9, 10-dihydro-9, 10-ethano or ethenoanthracene 
(DEEA) derivatives were synthesized.  Structural attributes, namely, an amino group, the nature 
of the group associated with the amino group, the chain length carrying these functions, and the 
presence of an ethano bridge vs. that of an etheno bridge were significant for resistance reversal. 
The resistance modulation effect was also reliant on their possession of protonatable nitrogen at 
physiological pH.  Lipophilicity was correlated to reversal activity as the calculated logD values 
of the active compounds ranged between -1.50 and 2.61 whereas a compound having a logD 
value lower than -1.5 lacked resistance reversal capability.  
 
1.11 Quinoline based Hybrid Drugs 
 
Recent studies have highlighted the advantage of combining two drugs into a single hybrid 
molecule; combining CQ with resistance reversing agents and astemizole.  
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An innovative class of such hybrid molecules was synthesized by Burgess et al (2006). A 
molecule that combined a 4-amino-7-chloroquinolone nucleus with a resistance reversal group, 
based on imipramine, (Figure.1.4) displayed potent activity against both CQS and CQR strains of 
P. falciparum in vitro and in P. chabaudi in mice with no obvious signs of toxicity. However, 
this prototype molecule is too hydrophobic to have adequate oral bioavailability in humans. 
These hybrid molecules were termed “reversed CQs” (RCQ’s) and they present a strategy that 
may prove viable upon further detailed studies 
 
 
Figure.1.4: Prototype hybrid model for CQ modulating agents based on that proposed by Burgess et al, 
(2006) 
 
Musonda et al (2009) conducted a hybridization study that combined the core portions of two 
structurally distinct moieties of CQ and astemizole, via an appropriate linker, into a single 
molecule. Some of these hybrid compounds were up to 10-fold more active than CQ against 
CQR P. falciparum in vitro however this effect was not observed in vivo. Further work in this 
area was suggested to improve drug-like properties of hybrid compounds. 
 
Recently, a study conducted by Andrews et al (2010), has shown that linking several resistance 
reversal-like moieties to a 4-amino-7-chloroquinoline core may prove to be advantageous against 
CQS and CQR strains, depending on linker and reversal agent modifications. This study aimed to 
further the concept of synthesizing a “reversed CQ molecule” presented by Burgess et al (2006). 
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1.12 Histamine and Antihistamines 
Histamine, a ß-imidazole-ethylamine is a low-molecular-weight amine synthesized from l-
histidine exclusively by histidine decarboxylase, an enzyme that is expressed in cells throughout 
the body, including central nervous system neurons, gastric-mucosa parietal cells, mast cells, and 
basophils. Histamine has an important role in human health, exerting its diverse biologic effects 
through four types of receptors. Histamine is a chemical mediator participating in many cell 
physiology processes, among them allergic reactions, inflammation, gastric acid secretion and -
probably- central and peripheral neurotransmission (Simons, 2004). The four major types of 
histamine receptors, H1, H2, H3, and H4-receptors, differ in their expression, signal transduction, 
and function. H1 and H2 receptors are widely expressed, in contrast to H3 and H4 receptors 
(Nunes, 2006). 
 
AHs are described according to the histamine receptor with which they interact. AHs consist of a 
diverse class of pharmacological agents that encompass first generation and second generation 
H1 receptor inverse agonists, which are used in the treatment of allergy and inflammatory 
disorders. H2 inverse agonists act primarily on gastric mucosa, inhibiting gastric acid secretion, 
and are consequently being used for the treatment of gastrointestinal and related disorders 
(Neslson, 2007; Simons, 2004). Newer, experimental H3 receptor antagonists and H4 receptor 
antagonists do not have a defined clinical use, although a number of drugs are in clinical trials. 
H3 receptors are presynaptic auto and hetero-receptors that control the release of histamine and 
other neurotransmitters in the brain. H3-antagonists have a stimulant action and are said to have a 
nootropic effect. Therefore their role in Alzheimer’s disease, schizophrenia, obesity, epilepsy, 
sleep disorders and Attention deficit hyperactivity disorder (ADHD) are being investigated. H4 
receptors have been identified on hematopoietic cells; therefore H4 antagonists appear to have an 
immuno-modulatory role and are being investigated as possible anti- inflammatory and immuno-
modulatory agents (Nelson, 2007). 
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 H1 and H2 AHs have been redefined as inverse agonists that combine with and stabilize the 
inactive form of the H1-receptor, shifting the equilibrium toward the inactive state (Simons, 
2004). 
 
H1 (first generation) AHs have been classified into six chemical groups: the ethanolamines, 
ethylenediamines, alkylamines, piperazines, piperidines, and phenothiazines (Simons, 2004). The 
classification according to function of first-generation H1 -AHs, which are sedating, as compared 
with second-generation compounds, which are relatively non-sedating, is now more commonly 
used. The second generation H1 AHs does not penetrate the blood-brain barrier significantly due 
to their amphoteric nature (Nelson, 2007). 
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1.13 General Objectives of this Study 
 
An approach to antimalarial chemotherapy that has been explored is to identify agents that are 
developed or marketed as treatments for other diseases. Considering the difficulties of funding 
antimalarial drug discovery, the advantage of these compounds is that whatever their mechanism 
of action, they have an established safety profile. Consequently it will be inexpensive to develop 
them as antimalarials, as this does not necessitate research and development costs. Furthermore, 
this approach will be of greater economic feasibility, after patents have expired. Therefore the 
first objective of this study was to: 
1.13.1 Screen mainly off-patent (generic) Antihistamines for antimalarial activity. 
The comparative efficacy of a total of 24 antihistamines, representing Histamine1 (H1), 
Histamine2 (H2), and Histamine3 (H3) receptor antagonists, will be evaluated against CQ-
sensitive (CQS) and CQ- resistant (CQR) strains of Plasmodium falciparum. 
 
Combining previously effective agents with compounds that reverse parasite resistance to these 
agents offers another approach to chemotherapy. It is evident that many drugs, particularly 
antihistamines, show promise in resistance reversal. The second objective of this study was 
therefore to:  
1.13.2 Investigate if synergistic interactions could occur between antihistamines and CQ 
that may enhance the activity of CQ in the CQS and CQR strain. Hence, while CQ appears to 
have failed as a first line antimalarial, it may be revived by a combination with an effective 
resistance modulator.  
 
Progress towards characterization of the parasite’s biology and morphology, in addition to 
determining the mechanism by which antihistamines exert their antimalarial effects are essential 
for the process of developing new therapeutic alternatives as well as optimization of lead 
compounds. Consequently, the third objective of this study was to: 
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1.13.3 Study morphological changes in the parasite induced by active antihistamines and to 
determine the effect of active antihistamines on haemoglobin uptake by the parasite using 
immunofluorescence microscopy and Western blot analysis. 
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Chapter2 
Intrinsic Antimalarial Activity of Antihistamines on Chloroquine 
Sensitive and Chloroquine Resistant Strains of Plasmodium 
falciparum 
 
2.1 Introduction 
 
The intrinsic antimalarial effect of AHs was explored previously both in vitro and in vivo. 
Results published by several investigators suggest that the tricyclic AHs possess inherent 
antimalarial activity. These investigations clearly demonstrated that AHs such as cyproheptadine, 
ketotifen, pizotyline, loratadine, azatadine and terfenadine somewhat inhibited the plasmodium 
parasite (Peters et al, 1990; Singh and Puri, 1998). More recent studies demonstrated that 
astemizole could be a viable option in the fight against malaria (Chong et al, 2006). These 
studies provide clear evidence that screening existing drugs for unknown activities could have 
many feasible outcomes. 
 
This chapter will determine and compare the intrinsic antimalarial activity of AHs in a CQS 
strain and a CQR strain. In doing so, a clear comparison of the differential sensitivity of CQS or 
CQR P. falciparum strains to various classes of AHs can be deduced. Given that AHs can be 
categorized into various structural and hence pharmacological subclasses, each possessing 
different physicochemical properties it may be possible to link the antimalarial activity to a 
specific structural class of AHs. 
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2.2 Materials and Methods 
 
2.2.1 Drugs used in this Study 
All the compounds were dissolved in the solvents described in Table 2.1 and stored as stipulated, 
either at ambient temperature or 2-8ºC. For experiments with parasites the compounds were 
dissolved in methanol, dimethyl sulfoxide (DMSO) or millipore water and diluted until the 
solvent concentration was less than 1% which is non-toxic to the parasites.  
 
2.2.2. In vitro Plasmodium falciparum culture 
Two strains were selected for experimental work: D10, a CQS strain and DD2, a CQR strain. 
The plasmodium parasites were cultured using a modified Trager and Jenson method (1976). The 
parasites were maintained in RPMI 1640 culture medium (Biowhittaker) supplemented with 
25mM sodium bicarbonate, gentamycin sulphate (50µg/l), 22mM glucose, and 25mM HEPES 
(Hydroxyethane Piperazine Sulphonic Acid), 5.0g/l Albumax II and 323µM hypoxanthine. The 
cells were routinely maintained at 2% haematocrit (hc) and between 5% - 10% parasitaemia 
(pst). The culture medium was changed daily and cells were fed with O+ human erythrocytes 
(Western Province Blood Transfusion Service) in the trophozoite stage. The cells were stored in 
sealed 50ml flasks under a gas mixture of 3% O2; 4% CO2; 93% N2. The flasks were kept in an 
incubator at 37ºC. 
 
The parasites were viewed under oil immersions using Giemsa-stained thin blood smears. 
Briefly, Giemsa stain (Merck) was diluted 1:10 in phosphate-buffered saline (PBS). The thin 
blood smears were fixed onto a microscope slide with methanol and were exposed to the Giemsa 
stain for 10 minutes. The slide was washed briefly with water and dried before being examined 
under the microscope. 
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Parasitaemia was determined by counting the number of parasitised erythrocytes cells and 
expressed as a fraction of the total number of erythrocytes (parasitised + unparasitised). 
 
2.2.3. Synchronization of Plasmodium falciparum Parasites 
The parasite culture was synchronized in the ring stage using the method of Lambros and 
Vanderberg (1979). 15 ml of a 5% (w/v) D-sorbitol solution (37ºC) was added to the parasite 
pellet and left to stand for 10 minutes at 37ºC. The parasites were centrifuged and the supernatant 
removed before returning the parasites to the culture medium. 
 
2.2.4. Parasite Lactate Dehydrogenase Assay for determining Parasite Viability 
Culture-derived parasitised erythrocytes were mixed with fresh culture medium and erythrocytes 
to yield a 1% parasitaemia and 1% haematocrit suspension and distributed in 96 well microtitre 
plates. The blank for the assay was the unparasitised erythrocytes without drug and the control 
was the parasitized erythrocytes without drug. The experiment involved incubating the parasites 
in a volume of 200µl along with the particular drug at defined concentration of 100µg/ml. Each 
drug concentration was measured in quadruplicate. The parasites were incubated for 48 hours in 
the plate, in desiccator cabinets under the gas mixture as described previously. 
 
The Lactate dehydrogenase activity is used as a measure of parasite viability. The Malstat™ 
reagent contains lactate to initiate the reaction and APAD (3-acetyl pyridine adenine 
dinucleotide) which the parasites selectively use as a cofactor in the enzymatic reaction instead 
of NAD. The NBT/PES is a solution containing Nitro Blue Tetrazolium (1.6mg/ml) and 
Phenazine Etho Sulphate (0.08mg/ml). As the reaction proceeds, the yellow tetrazolium ion is 
reduced to a purple formazan salt. 
 
Once the 48 hours incubation is complete, 100µl of Malstat™ reagent and 25 µl of NBT/PES 
solution were added to each well of a new flat bottomed 96-well microtitre plate. The sample 
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was resuspended in each of the wells of the original plate and 15µl was taken from each well and 
added to the corresponding well of the Malstat™ plate, thus initiating the lactate dehydrogenase 
reaction. Colour development was monitored at 620nm as the reaction proceeded (Makler et al, 
1993).The average absorbance of the blank (unparasitised erythrocytes) was subtracted from all 
the parasitised samples. The percentage viability was calculated by dividing the absorbance of 
the drug-exposed parasites by the absorbance of the control parasites (drug free) and multiplying 
this value by 100.      
 
2.2.5. Dose–response Data Analysis 
All dose–response data was analysed using Graphpad Prism version 4.01 for Windows 
(GraphPad Software, San Diego, California USA; www.graphpad.com). Absorbance values were 
converted to percentage parasite viability for the lactate dehydrogenase assay and non-linear 
regression (sigmoidal curve with variable slope) was performed on the dose–response data. Total 
growth was determined from control wells with no AH added and the concentration required to 
bring the curve down to a point half way between the top and bottom plateaus of the curve (IC50) 
was calculated.  
 
Table 2.1.Compounds used in this study along with their molecular weights, solvents and 
source. 
Compound Name Molecular 
Weight 
Solvent Source 
H1 receptor antagonists 
Chlorpheniramine maleate 274.788 water Sigma 
Pheniramine 240.3434 water Adcock 
Ingram 
Triprolidine 278.1783 water Adcock 
Ingram 
Carbinoxamine maleate 290.1186 water Sigma 
Diphenhydramine HCl 255.1623 water Sigma 
Doxylamine succinate 270.3694 water Sigma 
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Pyrilamine maleate 285.384 water Sigma 
Tripelenamine HCl 255.358 water Sigma 
Anatazoline phosphate 363.348 water Sigma 
Cyproheptadine HCl 287.3981 methanol Sigma 
Cetirizine dihydrochloride 388.888 water Sigma 
Loratadine 382.883 methanol Sigma 
Desloratadine 310.821 methanol Sigma 
Ketotifen 309.425 DMSO Sigma 
Fexofenadine HCl 501.2879 methanol Sigma 
H2 receptor antagonists 
Cimetidine 252.1157 methanol Sigma 
Ranitidine HCl 314.404 water Sigma 
Nizitadine 331.257 methanol Sigma 
Famotidine 337.445 DMSO Sigma 
H3 receptor antagonists 
Ciproxifan HCl 270.3263 DMSO Sigma 
Thioperamide maleate 292.4428 DMSO Sigma 
3-(1H-imidazol-4-yl)propyl-di(p-
fluorophenyl)methyl ether HCl 
364.82 DMSO Sigma 
2-((3-trifluoromethyl)phenyl) histamine 
dimaleate 
487.38 DMSO Sigma 
 
The chemical structures of all antihistamines used in this study are shown below. 
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Alkylamines 
   
Chlorpheniramine maleate Pheniramine maleate Triprolidine HCl 
Ethanolamines 
  
Carboxamine maleate Diphenhydramine HCl Doxylamine succinate 
Ethylenediamines 
  
Antazoline phosphate Pyrilamine maleate Tripelenamine HCl 
Piperidines 
   
Cyproheptadine HCl 
sesquihydrate 
Desloratadine  Loratadine Fexofenadine HCl 
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Piperazines Mast cell Stabilizer 
  
Cetirizine dihydrochloride Ketotifen fumarate 
Chemical Structures of Histamine2 receptor antagonists 
 
Cimetidine Famotidine 
 
 
Nizatidine Ranitidine HCl 
Chemical Structures of Histamine3 receptor antagonists 
  
3-(1H-Imidazol-4-yl)propyldi(p-
fluorophenyl)methyl ether 
Ciproxifan hydrochloride 
 
 
 
2-((3Trifluoromethyl) phenyl) histamine 
dimaleate 
Thioperamide maleate 
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2.3 Results 
Sensitive and resistant strains of P. falciparum were exposed to a wide concentration range of 
AHs   to establish whether any of the drugs possess intrinsic antimalarial activity. The results are 
plotted as percentage viability of the parasites versus logarithm of the drug concentration in 
micro molar (µM). AHs with IC50 > 150 µM were not considered for antimalarial activity. Each 
experiment was performed in triplicate, and each drug concentration was tested in quadruplicate.  
Table 2.2. IC50 values for sensitive and resistant strains of P. falciparum 
 
Compound Tested 
              IC50 in (µM) 
D10 DD2 
Histamine1 Receptor Antagonists 
CQ diphosphate 0.02067±0.007 0.1889±0.067 
Chlorpheniramine maleate 65.58±3.66 60.48±0.082 
Pheniramine maleate  >150 >150 
Triprolidine hydrochloride 82.21±8.68 36.09±0.023 
Carbinoxamine maleate 45.91±3.08 72.02±8.75 
Diphenhydramine hydrochloride 52.59±3.01 103.56±11.11 
Doxylamine succinate >150 >150 
Antazoline phosphate 33.14±0.14 33.51±1.46 
Pyrilamine maleate 21.37±3.81 21.31±4.55 
Tripelenamine hydrochloride 90.74±4.16 >150 
Cyproheptadine hydrochloride 4.99±0.15 8.78±0.48 
Ketotifen fumarate 6.748±0.24 63.02±1.55 
Cetirizine dihydrochloride 55.21±0.38 56.29±3.16 
Desloratadine 6.34±0.38 12.86±4.56 
Fexofenadine hydrochloride >150 >150 
Loratadine 5.88±0.39 4.86±1.28 
 
 
 
 
 
 
35 
 
Table 2.2. IC50 values for sensitive and resistant strains of P. falciparum (cont.) 
Histamine2 Receptor Antagonists 
Cimetidine >150 >150 
Famotidine  >150 >150 
Nizatidine  >150 >150 
Ranitidine hydrochloride >150 >150 
 
Histamine3  Receptor Antagonists 
3-(1H-Imidazol-4-yl)propyldi(p-
fluorophenyl)methylether hydrochloride 
6.41±0.96 15.02±0.72 
Ciproxifan hydrochloride 
  
13.49±0.75 14.27±1.94 
Thioperamide maleate >150 >150 
2-((3Trifluoromethyl)phenyl) 
histamine dimaleate 
12.11±0.57 25.80±0.94 
 
 
Table 2.2 shows the inherent antimalarial activities of the AHs tested. All the test values were far 
greater than the IC50 for CQ. The IC50 range for CQ was approximately 0.020-0.021 µM against 
the CQS strain 0.19- 0.20 µM for the CQR strain.  Amongst the first generation of H1 receptor 
antagonists, cyproheptadine and ketotifen (IC50 5.0- 6.8 µM), were the most potent in the CQS 
strain. The 2nd generation H1 receptor antagonist loratadine and its active metabolite, 
desloratadine, had the highest activity (IC50 4.0-12 µM). None of the H2 receptor antagonists had 
any antimalarial effects. Amongst the H3 receptor antagonists three of the four compounds tested 
exhibited significant activity against both strains (IC50 6.0-26 µM) 
 
Dose response curves were plotted of the antimalarial activity of active AHs and CQ vs. the 
percentage viability of P. falciparum 
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Dose response curves of Antihistamines for D10 and DD2 plasmodial strains 
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Fig. (2.1). Antimalarial effect of CQ and Alkylamines on D10 
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Fig. (2.2). Antimalarial effect of CQ and Alkylamines on DD2 
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Fig. (2.3). Antimalarial effect of CQ and ethanolamines on D10 
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Fig. (2.4). Antimalarial effect of CQ and ethanolamines on DD2 
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Fig. (2.5). Antimalarial effect of CQ and ethylenediamines on D10 
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Fig. (2.6). Antimalarial effect of CQ and ethylenediamines on DD2 
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Fig. (2.7). Antimalarial effect of CQ, Cyproheptadine and Ketotifen on D10 
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Fig. (2.8). Antimalarial effect of CQ, Cyproheptadine and Ketotifen on DD2 
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Fig. (2.9). Antimalarial effect of CQ and 2nd generation H1 receptor antagonists on D10 
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Fig. (2.10). Antimalarial effect of CQ and 2nd generation H1 receptor antagonists on DD2 
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Fig. (2.11). Antimalarial effect of CQ and H3 receptor antagonists on D10 
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Fig. (2.12). Antimalarial effect of CQ and H3 receptor antagonists on DD2 
 
 
 
 
 
40 
 
Table 2.3. Log D values of Antihistamines 
Antihistamine  Log D at pH 7 
Chlorpheniramine maleate 1.13 
Triprolidine hydrochloride 2.36 
Carbinoxamine maleate 1.12 
Diphenhydramine hydrochloride 1.92 
Cyproheptadine hydrochloride 4.93 
Ketotifen fumarate 3.25 
Cetirizine dihydrochloride -0.02 
Desloratadine 2.95 
Fexofenadine hydrochloride 2.68 
Loratadine 6.23 
Cimetidine -0.11 
Famotidine -3.02 
Nizatidine 0.75 
Ranitidine hydrochloride -0.13 
LogD values taken from Chemical Abstracts Service, American Chemical Society and were 
calculated by using Advanced Chemistry Development (ACD) Software Solaris V4.67.    
 
 
2.3 Discussion 
 
Twenty four AHs acting on 3 different histamine receptor subtypes were evaluated for 
antimalarial activity. The H1 and H3 receptor antagonists have been identified as agents that are 
able to inhibit the growth of the parasites. The IC50 range of AHs against the D10 and DD2 
plasmodial strain is about 100-1000 times less active than that of CQ.  
 
However, it is worthy to note that Menezes et al (1997, 2002, and 2003) tested a number of 
drugs against several newly discovered Brazilian CQR plasmodium isolates at concentrations 
that are used therapeutically. These agents have been typically defined as resistance reversers 
based on results from numerous studies. Imipramine, desipramine, phenothiazines and its 
analogues, as well as verapamil and other cardiovascular drugs were evaluated for antimalarial 
activity in addition to CQ resistance reversal. The results established that the drugs tested were 
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not able to reverse CQ resistance in Brazilian strains but possessed intrinsic antimalarial activity 
at concentrations similar to CQ against resistant parasites. Therefore, CQR Brazilian isolates 
appear to have a higher susceptibility to many different resistance reversal agents marketed for 
other indications. Thus, it is probable that the AHs presenting with low antimalarial activity in 
this study could also possess significantly lower IC50 values depending on the geographical 
phenotype of the CQR strain. The antimalarial activity of verapamil was previously reported at 
10- 20µM (Adovelande et al, 1993). Contrastingly, Menezes et al (2003) reported IC50 values in 
the range of 0.034- 2.2 µM for the new CQR Brazilian isolates. In the context of this study, AHs 
exhibiting IC50 values lower than 4 µM may have significantly lower IC50 values against other 
strains, i.e., they may be more potent and have fewer side- or toxic effects because they are 
effective at lower concentrations. 
 
AH sensitivity to P. falciparum appears to favour the D10 strain.  The dose response curves 
indicate that 100% kill is not achieved in many of the AHs tested against the DD2 strain, even at 
high concentrations. This is evident from the sigmoidal nature of the dose response curves for the 
D10 strain, which indicates high potency in contrast to that for the DD2 resistant strain. 
 
The antihistamines that possess intrinsic antimalarial activity belong to the ethylenediamine, 
ethanolamine and the alkylamine classes of H1 receptor antagonists. The two aromatic groups 
linked through a short chain to a tertiary aliphatic amine are structural features of H1 
antihistamines. Correlations can therefore be proposed between the structure of H1 
antihistamines displaying an inhibitory effect and CQ.  Structure–activity studies have given 
insight into the interaction between quinoline and free haem. The 4 aminoquinoline nucleus of 
CQ and other antimalarials are responsible for complexing free haem (Egan 2004). The 
aminoalkyl side chain of quinoline drugs is responsible for their antimalarial activity and change 
in the length of this side chain does not influence activity in the CQS strain however increases 
activity in a CQR strain (Egan et al, 2004). Therefore, the antimalarial action of some 
antihistamines may be due to interaction with free haem, thereby inhibiting haemozoin 
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formation. The lack of antimalarial activity of the H2 receptor may be due to the lack of two 
aromatic systems. 
 
The obvious structural similarity of the AHs that display the lowest IC50 is their tricyclic ring 
systems. Cyproheptadine, loratadine, desloratadine and ketotifen share a common tricyclic 
nucleus. It was suggested that cyproheptadine’s tricyclic moiety serves as a high affinity ligand 
for different receptor subtypes (Fedi et al, 2008). This could explain the activity against P. 
falciparum in addition to the numerous reports suggesting that the tricyclic phenothiazines 
compounds are active against a wide array of micro-organisms.  Kalkinidis et al (2002) 
synthesized a number of potent antimalarial analogues based on the tricyclic structure of 
chlorpromazine. The findings from this study confirm the importance of the tricyclic nucleus as 
foundation for antimalarial drug discovery.  
 
The results obtained in this study correlate well with the findings made by Peters et al, (1990) for 
AHs; cyprohepatadine, ketotifen and loratadine. Peters et al (1990) suggested that ketotifen is 
more active in vivo in the rodent model. They theorized that this may be because in humans the 
drug undergoes three principle types of metabolism, to reduce the ketone while rats lack the N-
glucoronidation metabolic process. It is also worthy to note that despite loratadine possessing 
inherent antimalarial activity, it was found to be inactive in vivo (Peters et al, 1990).  
 
The H3 receptor antagonists have activity comparable to the H1 receptor antagonists. Many of 
these structures share a common pharmacophore of amine-alkylene-oxygen-aryl chain. The 
structural similarities between the H1 and H3 antagonists suggest that certain AH structural 
features are a requisite for antimalarial activity.  
 
The imidazole ring is a common structural feature in almost all H3 antihistamines. The N3 of the 
imidazole compounds have the potential to interact with the haem iron atom of ferric cytochrome 
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P450. The imidazole containing antifungal, clotrimazole displays potent antimalarial (IC50 0.2-
1.1 µM) activity in CQS and CQR strains (Tiffert et al, 2000). Huy et al (2002a) found that 
clotrimazole can remove haem from histidine rich peptide-haem protein complex which, initiates 
haem-polymerization and from glutathione- haem complex in parasites. Additionally, they show 
that ketoconazole and miconazole behave similarly to clotrimazole in binding to haem. These 
azole antifungals form stable haem-azole complexes with two nitrogenous ligands derived from 
the imidazole moieties. 
 
A corresponding study by Huy et al ( 2002, b) reported that clotrimazole has high binding 
affinity for ferric haem to form a haem-clotrimazole complex, which subsequently disturbs haem 
degradation by glutathione and the complex damages the cell membrane more than free haem. 
The effect of the haem-azole complex disintegrates the parasites cell membrane and this is 
thought to play an important role in the antimalarial mechanism of action. Therefore, the haem-
clotrimazole complex prevents the conversion of free haem into haemozoin. Nitrogen 
heterocycle chytochrome P450 inhibitors, offer antimalarial activity via inhibition of haemozoin 
formation, however, the triazole, fluconazole did not bind to free haem or inhibit haemozoin 
formation (Chong and Sullivan, 2003). It is likely, therefore, that the antimalarial activity of H3 
antihistamines may also be mediated through the imidazole moiety of these compounds, similar 
to that of clotrimazole. 
 
The lipophilicity of a drug is a pivotal parameter that may explain biological activity. In an 
attempt to correlate different physicochemical properties to antimalarial activity, it was found 
that the antimalarial activity of AHs correlated strongly with the log D values of the test drugs.  
Log D (distribution coefficient) describes the log P of an ionisable compound at a particular pH. 
The log D values of test AHs at physiological pH 7.0 are presented in table 2.2. With most of the 
drugs, it appears as if, a higher log D value correlates with a low IC50 value. The H2 receptor 
antagonists tested have log D values in the range of -3.02 to 0.75, whereas the AHs presenting 
with substantial antimalarial activity have higher log D values. This could explain the H2 
antagonist’s antimalarial profile as these drugs may not have the ability to penetrate the parasites 
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cellular membrane to exert an inhibitory effect. Substantial physicochemical data on the H3 
receptor antagonists is not available as these compounds are still in an experimental phase. 
Previous studies have established that there is no direct correlation between antimalarial activity 
and inhibition of haemozoin unless pKa and lipophilicity of the test compound have been 
considered (Egan et al, 2000; Egan, 2004) 
 
There were no significant differences in the antimalarial activity between the CQS and CQR 
strains used. However it is interesting to note that the antimalarial activity of ketotifen in the 
CQR strain is 10 fold higher than that for the CQS strain. This interesting observation warrants 
further investigation to determine if this difference is due to the resistant parasite’s ability to 
accumulate ketotifen. 
 
In relation to toxicity and side effects of AHs, it is important to consider that if AHs were to be 
used as antimalarial drugs or used in combination with current antimalarial agents, then 
treatment is most likely to be acute rather than chronic and patients in poorer countries where 
malaria is endemic are less likely to consume interacting medications. Hence, the incidence of 
side effects and toxicity are likely to be low. 
 
The data presented above certainly do not support the premise that any of the AHs tested could 
be clinically implemented as an alternative to CQ or any other current antimalarial for both CQR 
and CQS plasmodia. However, it is clear that the findings made highlight the value of a tricyclic 
core and imidazole moiety in relation to antimalarial activity. The H3 receptor antagonists have 
not been previously explored for intrinsic antimalarial activity. These results demonstrate the 
need to enhance the literature on the effects of the newly discovered H3 and H4 receptor 
antagonists on plasmodium parasites. Furthermore these results also confirm that H2 receptor 
antagonists are inactive against malaria parasites. 
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Chapter 3 
The Effect of Antihistamines in Combination with Chloroquine 
against Chloroquine Sensitive and Chloroquine Resistant Strains of 
Plasmodium falciparum 
 
 
3.1. Introduction 
 
The rapid development and widespread resistance to CQ and other antimalarials, in addition to 
the exorbitant cost of drug development has accentuated the necessity to optimise the use of 
existing antimalarial drugs. In an attempt to preserve the efficacy of CQ, a number of agents 
belonging to diverse pharmacological classes have been explored for their potential to reverse 
the resistance to CQ by Plasmodium species. These agents include calcium channel blockers 
(Martin et al, 1987; Kyle et al, 1993), tricyclic antidepressants (Bitonti et al, 1988), antipsychotic 
phenothiazines (Basco and Le Bras, 1992; Kalkanidis et al, 2002) and AHs (Peters et al, 1990). 
However, the clinical use of these agents has been limited due to high protein binding and 
toxicity at the elevated concentrations required to reverse resistance (Boulter et al, 1993). 
 
AHs are particularly important since, chlorpheniramine, in combination with CQ, successfully 
reversed CQR in two African clinical trials (Sowunmi and Oduola, 1997; Okonkwo et al, 1999). 
Additionally, AHs are routinely co-prescribed with CQ to treat CQ induced adverse effects 
(Oduola et al, 1998; Fehintola et al, 2004).  AHs are widely available at low-cost in malaria 
endemic zones and are often prescribed to children above 2 years of age (Sowunmi and Oduola, 
1997) 
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CQ is accumulated to lower levels in resistant parasites and hence, the reversal of CQ resistance 
has been credited to the ability of chemosensitising agents to increase the amount of CQ 
accumulated by the resistant parasite (Martiney et al, 1995; Bray et al, 1992).  
 
It is noteworthy that Martiney et al (1995) found that verapamil also increased the accumulation 
of CQ into the CQS D10 strain at concentrations between 0.5-1µM. However, the accumulation 
of verapamil in CQS strain did not change the sensitivity to CQ as is observed with CQR 
parasites.   
 
The work reported in this chapter was done to examine the effect of combining AHs with CQ, 
over a wide concentration range, on the sensitivity of both CQS and CQR strains to CQ. 
Although several studies have shown that AHs, particularly chlorpheniramine, can serve as 
chemosensitizers to CQ in CQR strains, none has reported on possible synergistic activity 
between different structural classes of AHs and CQ. The aim of this study was, thus, to 
determine if AHs can enhance the effect of CQ on CQS and CQR P. falciparum strains and, if 
so, to compare the extent of synergism amongst representatives of the different AH classes. 
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3.2 Materials and Methods 
 
3.2.1 In vitro Plasmodium falciparum culture 
Cultures were maintained according to the methods of Trager and Jenson (1976). (See Chapter 2, 
Section 2.2.2) 
 
3.2.2 Drug dilutions 
CQ and AHs were dissolved to the desired concentrations in appropriate solvents (refer to table 
2.1). The initial concentration used for CQ was 100 ng/ml for the CQS strain and a 1000 ng/ml 
for the CQR strain. The concentration used for all AHs was 100 µg/ml. Testing the activity of the 
AHs in the presence of CQ was performed at the following concentration percentage ratios: 75% 
CQ and 25% AH, 50% CQ and 50% AH, 25% CQ and 75% AH for both strains. 
 
3.2.3 In vitro drug activity measurement 
The parasite lactate dehydrogenase assay (pLDH) was used to measure CQ-AH activity. (See 
Chapter 2, Section 2.2.4) 
 
3.2.4 Isobologram preparation and data analysis 
For each combination assay, IC50 was calculated from four sets of concentration response graphs, 
each containing the AH or compound alone curve, and 3 combination curves. Fractional 
inhibitory concentration values of compound A (FICA) and compound B (FICB) were calculated 
separately in each combination. FIC values were calculated by the following equation to plot 
isobolograms: 
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FIC = Fraction of drug concentration required to produce IC50 when used in combination 
Fraction of drug concentration required to produce IC50 when used alone 
 
The fractional inhibitory concentration (FIC) for 5 preparations in quadruplicate was calculated 
to plot isobolograms with mean FIC. The sum FIC (FIC Index) value for each of the preparations 
was determined to classify the drug–drug interaction (Berenbaum, 1978; Gupta et al., 2002). A 
FIC of > 1.0 and < 4.0 represents additivity (indifferent), a FIC less than 1.0 represents synergy, 
and a FIC greater than 4.0 represents antagonism (Odds, 2003; Nduati and Kamau, 2006; 
Bhattacharya et al., 2008). (See Appendix 1 and Appendix 2 for IC50, FIC and Sum FIC (FIC 
index) values used to plot isobolograms). 
 
 
3.3 Results 
 
3.3.1 Potentiation/ Synergism of CQ in the CQ Sensitive Strain 
Combinations of AHs with CQ were tested against CQS P. falciparum. The ethanolamine class 
of AHs including carbinoxamine, diphenhydramine and doxylamine showed slight synergistic 
effects with CQ in the CQS strain.  Cyproheptadine, ketotifen and desloratadine also proved to 
have a synergistic action when combined with CQ in CQS parasites. However, loratadine 
displayed an antagonistic response with CQ in the CQS strain. The other H1 AHs, as well as the 
H2 and H3 receptor antagonists were indifferent in combination with CQ in the sensitive strain 
(results not shown).  The isobolograms below depict the effect of each AH tested at each of the 
chosen concentrations with CQ for the D10 sensitive strain. The points below depict the FIC 
index or Sum FIC of CQ/AH combination. (See appendix1 and appendix 2) 
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Fig.3.1 Isobologram illustrating the interaction between CQ and Alkylamines on D10 
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Fig.3.2. Isobologram illustrating the interaction between CQ and Ethanolamines on D10 
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Fig.3.3 Isobologram illustrating the interaction between CQ and Ethylenediamines on D10 
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Fig.3.4 Isobologram illustrating the interaction between CQ and Cyproheptadine, Ketotifen on 
D10 
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Fig.3.5 Isobologram illustrating the interaction between CQ and cetirizine, desloratadine, 
loratadine on D10 
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Fig.3.6 Isobologram illustrating the interaction between CQ, and H3 receptor antagonists on D10 
 
 
 
 
51 
 
3.3.2 Potentiation / Synergism in the CQ Resistant Strain 
Certain AHs were selected on the basis of their intrinsic antimalarial activity profile and tested in 
combination with CQ. A synergistic effect was observed with chlorpheniramine, cyproheptadine, 
ketotifen and desloratadine while loratadine and cetirizine had an antagonistic effect. The H3 
receptor antagonists were indifferent in combination with CQ in the resistant strain as well. The 
isobolograms below depict the effect of each AH tested at each of the chosen concentrations with 
CQ for the DD2 resistant strain.  
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Fig. 3.7 Isobologram illustrating the interaction between CQ and chlorpheniramine, triprolidine, 
pyrilamine on DD2 
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Fig.3.8 Isobologram illustrating the interaction between CQ and cyproheptadine, ketotifen on 
DD2 
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Fig. 3.9 Isobologram illustrating the interaction between CQ and cetirizine, desloratadine, 
loratadine on DD2   
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Fig 3.10. Isobologram illustrating the interaction between CQ, and H3 receptor antagonists on DD2 
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3.4 Discussion 
The derived isobolograms provide clear evidence of synergistic interactions between CQ and 
several AHs. Although the mechanism of action of CQ on sensitive strains is not clearly 
established, there is evidence that resistant strains accumulate less CQ than sensitive strains 
(Martiney et al, 1995; Bray et al, 1992). This reduced accumulation is attributed to an enhanced 
efflux of CQ from resistant parasites (Martin et al, 1987). Krogstad et al (1987) demonstrated 
that several resistance reversers increased the accumulation of CQ into CQR parasites; however 
this was not seen with the CQS strain over the same concentration range. 
 
The results of this study indicate that certain AHs, in particular the ethanolamines exert a 
synergistic effect when combined with CQ in the CQS strain. The results above suggest that 
these compounds possess moderate antimalarial activity with the exception of doxylamine. It is 
therefore important to note that despite doxylamine possessing no antimalarial activity; it is able 
produce a synergistic response. The aminoalkyl ether AHs (ethanolamines) can be structurally 
highlighted for further SAR studies, seeing that carbinoxamine, doxylamine and 
diphenhydramine produced a slight synergistic response with CQ in the CQS strain. Other 
therapeutically useful derivatives of diphenhydramine reported to have superior therapeutic 
profiles relative to diphenhydramine may serve as potential candidates for synergism studies 
 
Additionally, cyproheptadine, ketotifen and desloratadine also had a similar effect. Such findings 
have also been reported with AHs by Peters et al (1989), in a CQS isolate, at a similar inhibitory 
concentration, with the exception of desloratadine. The reason for the synergism between CQ 
and AHs in the sensitive strain remains unknown. However, the synergistic effect could be due 
the independent antimalarial effect of antihistamines and the independent effect of CQ. When 
combined, CQ and AHs produce a synergistic response 
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There is a substantial body of literature suggesting tricyclic H1 receptor antagonists like 
cyproheptadine, promethazine, ketotifen or azatadine, reverse in vitro CQ resistance in P. 
falciparum ((Peters et al, 1990; Valecha et al, 1992; Kyle et al, 1993). This study shows that 
cyproheptadine, ketotifen and desloratadine enhances the activity of CQ in CQR parasites, 
however, loratadine has no effect on the activity of CQ as noted previously by Peters et al (1990) 
and Singh and Puri (2000). Despite the in vitro results observed by previous studies and similar 
results found in this study, cyproheptadine and ketotifen did not prove beneficial in reversing 
CQR in vivo, due to its high level of protein binding.  However, desloratadine is not commonly 
reported as a resistance reverser in the literature, the finding made in this study, that 
desloratadine caused synergistic response with CQ in CQR strain of P. falciparum may, thus, 
require further investigation. The tricyclic structure was common to all AHs that exhibited 
synergism. Structural manipulation, in addition to unravelling molecular mechanisms for 
cyproheptadine, ketotifen and desloratadine, may prove worthwhile. The data showing 
enhancement of CQ activity in vitro by selected AHs are significant.  Confirmation with in vivo 
studies is now required. 
 
Chlorpheniramine exerted a synergistic action with CQ in CQR parasites. There was no effect 
seen in the CQS strain. This observation suggests that the synergistic effect of chlorpheniramine 
is limited to resistant isolates, possibly via a distinct mechanism enabling CQ accumulation, as 
chlorpheniramine has weak antimalarial activity.  
 
The common structural features among chemosensitisers have been modelled and compared with 
in vitro resistance reversal activity by many SAR studies (Bhattercharjee et al, 2001; Alibert et 
al, 2002; Bhattercharjee et al, 2002; Guan et al, 2002). Pharmacophores consist of two aromatic 
rings and aliphatic nitrogen, which appears to be essential for the reversal of CQ resistance. 
Many AHs fulfil these requirements which may indicate that the synergistic results presented 
here may be due to an increase in accumulation of CQ.  
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Additionally, most chemosensitisers, like the aminoquinolones, have fused rings; however 
chlorpheniramine and verapamil consists of two unfused planar rings separated by an alkyl 
chain, yet according to literature, chlorpheniramine is the most promising resistance reverser. 
 
There are many structurally and pharmacologically diverse compounds that reverse CQ 
resistance. All chemosensitisers reported in the literature including all AHs which were found to 
act synergistically with CQ in both strains are monoprotic weak bases with similar pKa’s. This 
physicochemical characteristic is a key factor for intravesicular accumulation. However, a 
diprotic weak base such as CQ is concentrated more than simple monoprotic weak bases within 
acid vesicles. Consequently it can be assumed that these compounds have the ability to 
accumulate CQ in CQR strains and could indicate that AHs and other chemosensitisers may, 
thus, have a common mechanism of action in P. falciparum.  
 
The above results suggest that certain AHs, possessing weak antimalarial activity may enhance 
the action of CQ in CQR strains, as is the case with chlorpheniramine. In a study by Kalkinidis et 
al, (2002) phenothiazine-based chemosensitisers were modified to make them more effective at 
inhibiting ß-haematin. Although the modifications proved successful at increasing their 
plasmodicidal activity, the compounds appeared to lose their ability to reverse CQ resistance. 
This strongly suggests that the concept of antimalarial action and resistance reversal are two 
distinct opposing activities. This may explain the observation that all H3 receptor antagonists 
lacked the ability to enhance the action of CQ, despite having considerable intrinsic antimalarial 
activity. 
 
It is essential that the pharmacokinetic parameters are considered in CQR reversal therapy. Since 
the activity of CQ is dependent on the presence of the chemosensitiser, both compounds should 
be ideally matched for their absorption and half-lives. A novel strategy employed by Burgess et 
al (2006) and Adrews et al (2010) is a hybrid molecule in which the chemosensitiser is 
conjugated to CQ.  Since chlorpheniramine was found to enhance the pharmacokinetic properties 
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of CQ (Okonkwo et al, 1999; Gbotosho et al, 2008), a hybrid molecule consisting of CQ and 
chlorpheniramine may prove to be an ideal candidate for further investigation. 
 
The work described in this chapter confirms the synergistic potential of selective AHs.  Results 
showed that the H3 receptor antagonists, although moderately active as antimalarials, are 
ineffective at enhancing the activity of CQ in both sensitive and resistant strains of P. falciparum 
compared to the H1 receptor antagonists. The mechanism involving CQ resistance reversal is 
complex and many factors such as structural and physicochemical characteristics, including 
molecular interactions may play a role. While the mode of antimalarial and chemosensitiser 
effects of these AHs have not been elucidated, characterising parasite morphology in the 
presence of AHs, notably H1 and H3 blockers, may help explain some of the observations made in 
this study.  This approach was followed and the findings are reported in the next chapter. 
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Chapter 4 
The Effect of Antihistamines on the Morphology of Plasmodium 
falciparum 
 
 
4.1 Introduction 
 
The parasite’s asexual erythrocytic cycle begins with merozoite recognition of, binding to, and 
invasion of an erythrocyte. Once erythrocytes have been invaded, the parasite is found inside the 
parasitophorous vacuole (Shermin, 1979). During the 48 h cycle the parasite develops through 
three distinct stages: ring (0-24 h post-invasion), trophozoite (24-36 h) and schizont (36-48 h). 
These stages are distinguished by specific morphological characteristics (Elmendorf and Haldar, 
1993). At the schizont stage, the parasite divides within the vacuole to produce approximately 16 
daughter merozoites which, upon rupture of the red blood cell, reinvade new erythrocytes. 
Mature red blood cells are quiescent, lacking all intracellular organelles (Elmendorf and Haldar, 
1994). However, parasite infected erythrocytes undergo several biochemical and ultrastructural 
modifications. The development of new membrane structures in the infected erythrocyte 
cytoplasm is a prominent alteration. Parasite-derived proteins are exported into the erythrocyte 
cytoplasm and membrane, while several proteins are localised to the parasitophorous vacuolar 
membrane and the tubular/vesicular membranous network structures surrounding the parasite 
(Halder et al, 2001) 
 
The trophozoite survives intracellularly due to supply of nutrients from the host cell and disposal 
of waste products, both of which are accomplished by an increase in solute transport across the 
host plasma membrane. Haem, which is toxic to the parasite, is rendered harmless by 
crystallization into particles of dark pigment, referred to as haemozoin crystals, which is 
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scattered within the food vacuole (Fujioka and Aikawa, 2002). These golden-brown to black 
granules within the food vacuole can be recognized as a dense clump of granules by light 
microscopy. (See Fig.4.1)  
  
In an attempt to explain the mechanism of action of the active AH test drugs, the morphology of 
the intra-erythrocytic parasite was investigated with light microscopy in the presence and 
absence of the test agents.  The objective was to determine if the drugs exerted any structural 
changes in the parasite during its maturation from the trophozoite to the schizont stage.  The 
drugs that were included in this study were cyproheptadine, ketotifen, and chlorpheniramine. 
 
 
 
                
 
 
Fig (4.1) Representation of parasite within red blood cell; a) Light microscope image of trophozoite  
b) Representation of image (a)  
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4.2 Materials and Methods 
 
4.2.1 In vitro Plasmodium falciparum culture 
Cultures were maintained according to the methods of Trager and Jenson (1976). (See Chapter 2, 
Section 2.2.2) 
 
4.2.2 Drug Treatments 
AHs were added to P. falciparum cultures at concentrations approximately 5 times their IC50 
values to help ensure that the effects were observed within a short time interval. Drug 
pressurisation was performed over a 5 hour period during which parasites matured from early to 
late trophozoite stage. Giemsa stained blood smears were prepared at specific time intervals and 
examined by light microscopy. 
 
4.2.3. Light Microscopy 
The Giemsa stained blood smears were examined with a Nikon Eclipse E600 fluorescence 
microscope fitted with a 100x Apochromat objective. The images were captured with a Media 
Cybernetics CoolSNAP-Pro monochrome cooled charge-couple device camera. 
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4.3 Results 
 
 a) Control D10 b) Chlorpheniramine c) Cyproheptadine d) Ketotifen 
 
10min 
    
30min 
    
1hrs 
    
2hrs 
    
5hrs 
    
Fig (4.2) Representative smears of parasites drug pressured for 10min-5hrs  (a) serves as respective controls  
b) chlorpheniramine, c) cyproheptadine, d) ketotifen  
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The parasites shown in figure (4.2) are a representation of a number of parasites demonstrating 
similar morphological changes. Compared to the untreated control, parasites treated with 
chlorpheniramine, cyproheptadine and ketotifen show a number of morphological changes. After 
only 10 minutes parasites treated with chlorpheniramine appear smaller compared to the control. 
The parasite membrane is not as well defined as that of the control and there is no clear food 
vacuole. After 30 minutes the membrane damage is very evident and it appears that the parasite 
cytoplasm is leaking into the host cell. Big cytoplasm vacuoles become visible and the parasite 
seems to fragment between 1 and 2 hours of drug treatment. Unlike the control, the 
chlorpheniramine treated parasites do not advance to schizont stage after 5 hours, but are small 
and inconspicuous.  
 
After 10 minutes parasites treated with cyproheptadine also appear smaller compared to control. 
The parasite cytoplasm appears granular and the food vacuole and haemozoin crystal is not 
easily recognised. After 30 minutes the parasite membrane has disintegrated and after one to two 
hours the parasite had completely fragmented. At 5 hours the parasites are small and barely 
discernible and it is evident that they will not develop into schizonts unlike the control.  
 
Parasites treated with ketotifen display a granular cytoplasm after 10 minutes. The food vacuole 
is small and the membrane is not well defined. After 30 minutes the parasite membrane shows 
further damage. At 1 hour the parasite appears irregular and the food vacuole is no longer visible. 
After a time period of 1-5 hours the parasite is drastically smaller when compared to control. 
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4.4 Discussion 
The repeated cycles of parasite invasion and destruction of erythrocytes are central to malaria 
disease. After invasion of erythrocytes, Plasmodium spp. drastically changes their biology and 
start to export and remodel proteins (Waller et al. 2000; Wickham et al. 2001). The parasite is 
then able to mature into different erythrocytic forms. The test AHs were selected on the basis of 
their intrinsic antimalarial activity or synergistic effect with CQ.  
 
The lack of maturation and changes in parasite morphology may be the effects of either direct or 
indirect influences of chlorpheniramine, ketotifen and cyproheptadine on the erythrocytic stage 
of the parasite’s life cycle. The disintegration of the parasites membrane and cytoplasm is 
preventing many processes that enable the parasite to feed and dispose of its waste products.  
The total disappearance of the schizont stage and disintegration of parasitised cells observed 
after 5 hours suggests that antihistamines could possibly interfere with haemoglobin digestion or 
uptake thereby starving the parasite and preventing its development into the schizont stage. This 
can be seen in the abnormal appearance of the haemozoin containing digestive food vacuole.  
 
The high pKa’s of AHs further indicates that their active forms are uncharged lipid soluble bases. 
This may suggest that the drugs concentrate in the lipid cytoplasmic membrane of the parasites.  
If present in high enough concentrations, they may disrupt membrane proteins, reducing the 
integrity of the membrane which will ultimately lead to cell lysis. This could be possible 
explanations for the morphological changes observed, particularly after 30 minutes of incubation 
with the drugs, when membrane damage was clearly observed and the parasite cytoplasm was 
leaking out from the cells. The effect of antihistamines may also be less specific in that their 
accumulation in membranes may physically disorder the membrane resulting in loss of integrity, 
causing increased membrane permeability. 
The possible CQ-sensitising effect of some AHs may also be related to their ability to 
accumulate in the cytoplasmic membrane of CQR Plasmodium spp. If the mechanism of 
resistance is due to a membrane-bound efflux pump, such as a P-glycoprotein type 
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transmembrane protein that actively pumps CQ out of the cell, (Rohrbach et al, 2006) binding of 
AHs to the protein may alter its higher-order structure to such an extent that it may become 
inactive. It has been found, for example, that H1 and H2 receptor agonists and antagonists can 
bind to cell membranes of mast cells in low concentrations, stabilising the membrane and 
preventing the release of histamine (Lau and Pearce, 1990).  Hence, AHs which have been found 
to be resistance reversers, but without antimalarial activity, may possibly exert their effect by this 
mechanism.  Further studies are needed to support this contention. 
 
This is the first report describing alterations in parasite morphology with the use of AHs. 
However, it will be useful to determine the effect of these AHs on haemoglobin content and 
localisation, in order to better understand the mechanistic interactions between the plasmodium 
parasite and AHs. This approach was followed and the findings are reported in the next chapter.  
 
 
 
 
 
 
 
 
 
 
 
 
Chapter 5 
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The Effect of Antihistamines on the Localization of Haemoglobin 
and on Haemoglobin Content in Plasmodium falciparum 
 
 
5.1. Introduction 
 
Intraerthrocytic malarial parasites are known to endocytose large quantities of surrounding RBC 
cytoplasm. Haemoglobin is the main constituent of erythrocyte cytoplasm and represents the 
bulk of the endocytic material in malaria parasites. The haemoglobin is transported to the 
parasite’s digestive food vacuole via endocytic vesicles (Egan et al, 2002). Haemoglobin 
digestion in the food vacuole provides amino acids for parasite protein synthesis and is required 
to maintain osmotic integrity of the host cell. Proteolytic digestion of haemoglobin releases toxic 
FPIX (haem). The parasite is equipped with a detoxifying mechanism that crystallizes the haem 
monomers into an insoluble substance known as haemozoin (Egan et al, 2002; Sullivan, 2002). 
CQ interferes with the crystallization of the free haem monomers released during haemoglobin 
proteolysis by binding to them, accumulating toxic FPIX or FPIX-CQ complexes, which inhibit 
key enzymes as well as compromise membrane integrity (Fitch and Russel, 2006) 
 
Previous studies have suggested that CQ blocks haemoglobin degradation and should therefore 
produce an increase in undigested haemoglobin in malaria parasites (Famin & Ginsburg, 2002; 
Hoppe et al, 2004). It has been demonstrated that different quinoline antimalarials affect the 
parasite’s ability to take up haemoglobin in different ways (Famin & Ginsburg, 2002; Hoppe et 
al, 2004; Roberts et al, 2008). CQ and amodiaquine inhibited haemoglobin degradation and this 
inhibition was related to parasite death. Mefloquine and quinine did not exhibit the same effects 
on haemoglobin (Famin & Ginsburg, 2002). 
Hoppe et al. (2004) was able to demonstrate that mefloquine inhibits the process of endocytosis 
while CQ inhibits the fusion of the endocytosed vesicles with the food vacuole. This inhibition of 
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fusion by CQ leads to a build up of haemoglobin containing vesicles in the cytoplasm of the 
parasites causing parasite starvation.  
 
It is not known what effect AHs have on these processes when used alone. Since the action of 
CQ is related to the inhibition of haemoglobin degradation in the CQS parasites, it was decided 
to investigate the effect of AHs, namely, cyproheptadine, ketotifen and chlorpheniramine on 
haemoglobin levels in CQS parasites using Western blots. Additionally, this chapter examines 
the effect of specific AHs, namely cyproheptadine and ketotifen on changing the amount of 
haemoglobin present in CQS P. falciparum using immunofluorescence techniques.  
 
5.2. Materials and Methods 
 
5.2.1 Parasite culture 
The D10 strain of P. falciparum was cultured according to the methods of Trager and Jenson 
(1976) (See Chapter 2, Section 2.2.2). 
 
5.2.2 Drug treatments 
Early trophozoite- stage cultures of P. falciparum were incubated for 5 hours with selected AHs 
at concentrations 5 times their IC50.  
 
5.2.3 Immunofluorescence assay 
Glass coverslips were coated in polylysine and distributed into a 24-well plate containing PBS. 
Twenty microliters of infected RBCs were resuspended in 200 µl of PBS, and 40 µl of the 
suspension was pipetted into each plate well. The cells were pelleted onto the polylysine 
coverslips by centrifugation at 100 × g for 2 min. Excess, unbound RBCs were flushed from the 
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coverslips by pipetting. RBC membranes were lysed and excess haemoglobin was removed by 
briefly rinsing the coverslips in PBS containing 0.04% (w/v) saponin and additional washing in 
PBS. The coverslips were fixed in methanol and incubated for 30 min in blocking solution (PBS 
containing 1 Mm CaCl2, 1 mMMgCl2, 2%[w/v] bovine serum albumin [BSA], and 10% [v/v] 
fetal calf serum), followed by incubation for 1 h in blocking solution containing rabbit 
antihaemoglobin antiserum (dilution, 1:500). After several washes in PBS the coverslips were 
incubated in blocking solution containing rhodamine-conjugated goat anti-rabbit Ig secondary 
antibody (1:250), washed in PBS, rinsed in water, mounted in mounting medium, and examined 
by fluorescence microscopy. 
 
5.2.4 Fluorescence microscopy 
The microscope slides were examined with a Nikon Eclipse E600 fluorescence microscope fitted 
with a ×100 Apochromat objective. The images were captured with a Media Cybernetics 
CoolSNAP-Pro monochrome cooled charge-couple device camera. 
 
5.2.5 Western blotting 
RBC’s from a 10 ml-culture were suspended in 1 ml of 0.25% (w/v) saponin in PBS to lyse the 
RBC membranes. The released parasites were pelleted at 1,500 × g for 3 min and washed five 
times in cold PBS to remove excess haemoglobin. The parasite pellet was solubilised in 150 µl 
of reducing SDS-PAGE sample buffer, 10-µl aliquots run on an SDS–11% polyacrylamide gel, 
and the resolved proteins transblotted onto Hybond ECL nitrocellulose membranes (Amersham 
Pharmacia Biotech). The membranes were incubated in blocking buffer (20 mM Tris and 0.15 M 
NaCl [pH 7.4] containing 0.1% [v/v] Tween 20, 1% [w/v] BSA, and 2% [wt/vol] fat-free milk 
powder), followed by incubation in blocking buffer containing rabbit antihaemoglobin antiserum 
(1:5,000) and blocking buffer containing peroxidase-conjugated goat anti-rabbit IgG (1:5,000). 
The membranes were washed, soaked with an enhanced chemiluminescence Western blotting 
detection reagent (Amersham Pharmacia Biotech), and exposed to Kodak BioMax Light 
autoradiography film to detect bound secondary antibodies. Images of the developed 
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autoradiographs were captured with a Kodak EDAS 290 gel documentation system that 
incorporates a Kodak DC290 digital camera. The images were analysed, and the net intensities of 
individual bands were determined with Kodak 1D image analysis software (version 3.5). 
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5.3 Results 
 
5.3.1 The effect of AHs on the localisation of haemoglobin in the parasitized erythrocytes of 
Plasmodium falciparum 
To determine the subcellular location of haemoglobin in parasites, control parasites and parasites 
cultured with cyproheptadine and ketotifen for 5 hours, were fixed and reacted with 
antihaemoglobin antiserum in an immunofluorescence assay. In control parasites, haemoglobin 
was located prominently in the food vacuole (Fig. 5.1 (a), arrow). The RBC surrounding the 
parasite is not visible in these images, due to a brief saponin lysis which is carried out prior to 
parasite fixation in order to remove extraparasitic haemoglobin. Cyproheptadine treated parasites 
exhibited a prominent increase in haemoglobin in the food vacuole (Fig. 5.1 (b), arrow). In 
contrast to the controls, ketotifen treated parasites displayed reduced fluorescence in the food 
vacuole (Fig. 5.1 (c), arrow). 
 
 
                              a                                         b                                             c 
                      
Fig 5.1  Subcellular localisation of haemoglobin by immunofluorescence. pRBCs from a control culture (a)  
and one treated with cyproheptadine (b) and ketotifen (c) for 5hrs  
 
 
 
 
 
 
 
69 
 
5.3.2 The effect of AHs on haemoglobin levels in Plasmodium falciparum 
To determine the effects of the selected AHs on haemoglobin levels in the D10 strain of P. 
falciparum, parasites were incubated with cyproheptadine, chlorpheniramine and ketotifen   for 5 
hours; released from the RBC’s by saponin treatment, and washed extensively to remove 
extraneous haemoglobin. The results confirm that cyproheptadine treatment [fig 5.2 (a)] leads to 
a discernible increase in haemoglobin levels compared to those in the control parasites. Ketotifen 
treatment [fig 5.2 (b)] decreased the haemoglobin levels and chlorpheniramine [fig 5.2 (c)] 
appeared to decrease parasite haemoglobin levels compared to those in the controls. 
 
 
 
 
             C           CYP                          C               KET                           C              CHL 
                                      
 
 
Fig 5.2 Haemoglobin accumulation in parasites; Parasite cultures were left untreated (control; C) or were 
incubated with (a) cyproheptadine (CYP), (b)ketotifen (KET) and (c)chlorpheniramine (CHL) for 5 h  
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5.4 Discussion 
The results above suggest that selected AHs which may be synergistic in combination with CQ, 
may be acting via different mechanisms in P. falciparum. Cyproheptadine treated parasites 
shows an increase in haemoglobin using immunofluorescence. This supports the Western blot 
data which also demonstrated that there was an increase in haemoglobin. Although the increase 
in haemoglobin levels in cyproheptadine treated parasites probably reflects a block in 
haemoglobin digestion, an alternative explanation could be a stimulation of endocytosis or 
uptake of haemoglobin from the infected erythrocytes.  
 
Malaria parasites would detoxify free haem from haemoglobin via haem polymerization that 
results in haemozoin. This process was shown to be an enzymatic reaction involving haem 
polymerase, however the mechanism of formation of haemozoin is still under debate. Agrawal et 
al (2002) reported that the action of cyproheptadine involved inhibition of the haem 
polymerization function thereby decreasing haemozoin. In context of this study, this may be a 
possible explanation of the cyproheptadine induced increase of haemoglobin. 
The increase in haemoglobin may suggest that cyproheptadine’s effect may be confined to the 
digestive food vacuole. Cyproheptadine is a weak base and therefore it would   increase the pH 
of the parasite food vacuole. Given that the function of enzymes within the food vacuole is pH 
dependant, any change in pH of the vacuole may slow down the activity of proteins and enzymes 
that may break down haemoglobin. This may be a possible explanation to the increased levels of 
haemoglobin in the parasite after being treated with cyproheptadine.   
 
Conversely, the fact that ketotifen and chlorpheniramine treated parasites results in a reduction in 
parasite haemoglobin levels could be interpreted as either a stimulation of haemoglobin digestion 
or a block in haemoglobin endocytosis. In each case, the parasites will presumably starve as the 
haemoglobin is not being broken down for the production of parasite proteins. A decrease in 
haemoglobin is probably also a result of toxic effects of the drug on the parasites, since the 
concentration used is significantly above the IC50 for chlorpheniramine and ketotifen.  
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Krugliak et al (2002) quantitatively tested the degradation of haemoglobin and the increase in 
parasite protein content as a function of parasite maturation in cultures of P. falciparum. They 
demonstrated that the parasite does not require all the haemoglobin taken up form the erythrocyte 
cytoplasm. The parasite digested up to 65% of the host cell's haemoglobin but utilized only up to 
about 16% of the amino acids derived from haemoglobin digestion. Therefore if AHs are 
slowing down the breakdown of haemoglobin causing it to increase in the vacuole, as is seen 
with cyproheptadine, this may not necessarily be lethal to the parasites at low concentrations.  It 
may be able to survive on the haemoglobin that it can break down. On the contrary, if AHs 
increased haemoglobin breakdown causing a decrease relative to the control , the parasite would 
pump the excess amino acids out of the erythrocyte as its would normally discard its excess. This 
may explain the moderate antimalarial activity of antihistamines when compared to CQ.  
 
The action of antihistamines appears to differ from the action of CQ where the build-up of 
haemoglobin is not within the food vacuole. Hoppe et al (2004) demonstrated that haemoglobin 
was present in cytoplasmic transport vesicles rather than undigested vesicles in the food vacuole 
when treated with CQ. 
 
Further mechanistic studies are required to fully understand the interaction between AHs and P. 
falciparum. Nonetheless, the results suggest that AHs used in this study has an effect on the 
parasite’s ability to digest haemoglobin, which ultimately may induce parasite starvation. 
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Chapter 6 
Summary and Conclusion 
 
The increasing resistance by the plasmodium parasite against first line and second line 
antimalarial drugs demands a continuous effort to develop new antimalarial agents. Development 
of new antimalarials has not yielded much success. The identification of antimalarial effects of 
drugs already in use for other clinical indications represents a cost effective approach with 
potentially rapid clinical application. Another approach involves restoring the activity of 
chloroquine action by combining it with agents that are able to modulate chloroquine resistance. 
There are structurally and pharmacologically a diverse group of agents that have been identified 
to either possess intrinsic antimalarial activity or resistance reversal capability. Such 
characteristics have been reported with certain antihistamines, with the successful clinical 
implementation of chlorpheniramine.  
 
Hence, this thesis describes the antimalarial activity of selected antihistamines on both 
chloroquine-sensitive and chloroquine-resistant P. falciparum alone and in combination with 
chloroquine. The effect of selected antihistamines on parasite morphology was studied and the 
observation that haemoglobin levels are altered in the presence of active antihistamines is also 
reported. 
 
The H1 and H3 antihistamines tested have IC50 values in low micromolar concentrations.  The 
intrinsic antimalarial activity of antihistamines was not significantly different among the 
chloroquine-sensitive and chloroquine- resistant P. falciparum strains. This would suggest that 
the action of these antihistamines in killing the parasite in the absence of chloroquine remains the 
same. The hypersensitivity of new chloroquine-resistant Brazilian strains to known 
chemosentizers may suggest that antihistamines could be given at lower concentrations to such 
P. falciparum isolates and that geographical diversity may influence the effect of antihistamines. 
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The comparative investigation of antihistamines acting on three histamine receptor subtypes has 
given insight into specific structural features of antihistamines displaying low micromolar 
antimalarial activity. It appears that two aromatic ring systems are important and fused aromatic 
systems, like the tricyclic antihistamines display the lowest IC50 values. The imidazole moiety of 
the H3 antagonists also appears to be correlated with antimalarial activity. This strongly supports 
the rationale for drug design of a molecule that contains these essential moieties. This study has 
also highlighted Log D as an important physicochemical parameter in determining the 
antimalarial activity of antihistamines. 
 
This thesis has described the effect of combining antihistamines with chloroquine at varying 
concentrations against chloroquine-sensitive and chloroquine resistant strains. Synergism was 
observed in the chloroquine-sensitive strain with the ethanolamines and tricyclic antihistamines. 
This may suggest that their independent antimalarial effects produce a synergistic response. 
Synergism was observed in the chloroquine-resistant strain with the tricyclic antihistamines and 
chlorpheniramine. Chlorpheniramine did not elicit a synergistic action in the chloroquine-
sensitive strain and the H3 antagonists lacked the ability to elicit any synergistic response in both 
strains. Hence, the concept of intrinsic antimalarial activity and resistance modulation are two 
distinct unrelated activities. The isobolograms show that synergism occurs at specific 
concentrations for different antihistamines.    
 
This work strongly supports the concept that an improved drug can be made by combining 
elements of CQ and a reversal agent, such as chlorpheniramine.  The most interesting of these 
are the new hybrid molecules containing both antimalarial and resistance reversal 
pharmacophores. A recommended study would be to test dual acting H1/H3 antihistamines for 
antimalarial and resistance modulation capacity. Work is currently being done with these dual 
acting antihistamines, including a chlorpheniramine analogue that incorporates the imidazole 
alkylamine group of many H3 antagonists (Nelson, 2007). Taken in context of this study, a dual 
acting H1/H3 molecule could be both antimalarial and a resistance reverser.   
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The antihistamines tested have an effect on parasite morphology exhibiting membrane effects in 
addition to disintegrating the parasite thereby preventing further growth. 
 
The precise mechanism by which antihistamines inhibit and interact with P. falciparum remains 
unclear, however the experiments described above show that antihistamines appear to act on 
haemoglobin in the parasites digestive food vacuole, either increasing or decreasing haemoglobin 
content. This shows that the effect of antihistamines is different to that of chloroquine. It also 
suggests that different antihistamines may display different modes of action against malaria 
parasites. Further mechanistic studies are recommended to understand the interaction between 
antihistamines and the parasite. 
  
 
In conclusion, this investigation is a comparative study of the potential of different antihistamine 
classes, including novel H3 antagonists to combat drug resistant malaria. While much is known 
about the chemosensitizing effect of these agents, little is known of how antihistamines act in the 
absence if chloroquine. Thus, this thesis describes for the first time the effect of active 
antihistamines on the biochemistry and morphology of the plasmodium parasite. 
 
Taken together, the results suggest that the combination of an active antihistamine, either as a 
fixed-dose preparation or as a covalent conjugate complex with a 4-aminoquinoline can enhance 
the mode of antimalarial activity of chloroquine. The main objectives of this study have therefore 
been met.  
 
 
 
 
 
 
 
 
 
75 
 
References 
Abok,K. (1997) Re: Malaria treatment in peri-urban area of Kisumu Town. East African Medical 
Journal. 757. 
Adams,C. & Brantner,V. (2006) "Estimating the cost of new drug development: is it really 802 
million dollars?". Health Aff (Millwood), 25 (2), 420-428. 
Adam,M.E., Karim,E.F.I., Elkadaru,A.Y., Ibrahim,K.E.E. Berger,B.J., Wiese,M. & Babiker,H.A. 
(2004) Imipramine induced complete reversal of chloroquine resistance in Plasmodium 
Falciparum Infections in Sudan. Saudi Pharmaceutical Journal, 12, 130-135. 
Adovelande,J., Bastide,B., Deleze,J. & Schrevel,J. (1993) Cytosolic free calcium in Plasmodium 
falciparum-infected erythrocytes and the effect of verapamil: a cytofluorimetric study. 
Experimental Parasitology, 76, 247-258. 
Adovelande,J., Deleze,J. & Schrevel,J. (1998) Synergy between two calcium channel blockers, 
verapamil and fantofarone (SR33557), in reversing chloroquine resistance in Plasmodium 
falciparum. Biochemical Pharmacology, 55, 433-440. 
Agrawal,R., Tripathi,R., Tekwani,B.L., Jain,S.K., Dutta,G.P. & Shukla,O.P. (2002) Haem 
polymerase as a novel target of antimalarial action of cyproheptadine. Biochemical 
Pharmacology, 64, 1399-1406.    
Alibert,S.C., Santelli-Rouvier,B., Pradines,C., Houdoin,D., Parzy,J., Karolak-Wojciechowska. & 
Barbe,J. (2002) Synthesis and effects on chloroquine susceptibility in Plasmodium falciparum of 
a series of new dihydroanthracene derivatives. Journal of Medicinal Chemistry, 45, 3195-3209. 
Amaral,L., Viveiros,M. & Kristiansen,J.E. (2001) Phenothiazines: potential alternatives for the 
management of antibiotic resistant infections of tuberculosis and malaria in developing 
countries. Tropical Medicine and International Health, 6, 1016-22. 
Andrews,S., Burgess, Burgess,S.J., Skaalrud,D., Xu Kelly,J. & Peyton,D.H. (2010) Reversal 
Agents and Linker Variants of reversed Chloroquines: Activities against Plasmodium 
falciparum. Journal of Medicinal Chemistry, 53, 916-919. 
Bannister,L. & Mitchell,G. (2003) The ins, outs and roundabouts of malaria. Trends in 
Parisitology, 19(5), 209-213. 
 
 
 
 
76 
 
Basco,L.K. & Le Bras,J. (1992) In vitro activities of chloroquine in combination with 
chlorpromazine or prochlorperazine against isolates of Plasmodium falciparum. Antimicrobial 
Agents & Chemotherapy, 36, 209-213. 
Beghdadi,W., Porcherie,A., Schneider,B.S., Dubayle,D. & Peronet,R. (2008) Inhibition of 
histamine-mediated signaling confers significant protection against severe malaria in mouse 
models of disease. Journal of Experimental Medicine, 205 (2), 395-408 
Beghdadi,W., Porcherie,A., Schneider,B.S., Dubayle,D., Peronet,R., Huerre,M., Watanabe,T.,  
Ohtsu,H., Louis,J. & Mécheri,S. (2009) Role of histamine and histamine receptors in the 
pathogenesis of malaria.  Médecine Sciences 25(4), 377-381.  
Berenbaum,M.C. (1978)  A method for testing for synergy with any number of agents. Journal of 
Infectious Disease, 137(2), 122-130. 
Bhattacharjee,A.K., Kyle,D.E. & Vennerstrom,J.L. (2001) Structural analysis of chloroquine 
resistance reversal by imipramine analogs. Antimicrobial agents and Chemotherapy, 45(9), 
2655-2657. 
Bhattacharjee,A.K., Kyle,D.E., Vennerstrom,J.L. & Milhous,W.K. (2002) A 3D QSAR 
pharmacophore model and quantum chemical structure-activity analysis of chloroquine 
(chloroquine)-resistance reversal. The Journal of Chemical Informatics and Computational 
Science, 42, 1212-1220. 
Bhattacharya,A., Mishra,L.C. & Bhasin,V.K. (2008) In Vitro Activity of Artemisinin in 
Combination with Clotrimazole or Heat-treated Amphotericin B against Plasmodium falciparum. 
The American Journal of Tropical. Medicine and Hygiene, 78(5), 721-728. 
Bitonti,A.J.,Sjoerdsma,A., McCann,P.P., Kyle,D.E., Oduola,A.M.J., Rossan,R.N., Milhous,W.K. 
& Davidson,D.E. Jr. (1988) Reversal of chloroquine resistance in malaria parasite Plasmodium 
falciparum by desipramine. Science, 242, 1301-1303. 
Boulter,M.K., Bray,P.G., Howells,R.E. & Ward,S.A. (1993) The potential of desipramine to 
reverse chloroquine resistance in Plasmodium falciparum is reduced by its binding to plasma 
protein. Transactions of the Royal Society of Tropical Medicine and Hygiene, 87, 303. 
Bray,P.G., Howells,R.E. & Ward,S.A. (1992) Vacuolar acidification and chloroquine sensitivity 
in Plasmodium falciparum. Biochemical Pharmacology, 43, 1219-1227. 
 
 
 
 
77 
 
Bray,P.G., Mungthin,M., Ridley,R.G. & Ward,S.A. (1998) Access to hematin: the basis of 
chloroquine resistance. Molecular Pharmacology, 54, 170-179. 
Bray,P.G., Janneh,O., Raynes,K.J., Mungthin,M., Ginsburg,H. & Ward,S.A. (1999) Cellular 
uptake of chloroquine is dependent on binding to ferriprotoporphyrin IX and is independent of 
NHE activity in Plasmodium falciparum. The Journal of Cell Biology, 145(2), 363-76. 
Bray,P.G., Mungthin,M., Hastings,I.M., Biagini,G.A., Saidu,D.K., Lakshmanan,V., 
Johnson,D.J., Hughes,R.H., Stocks,P.A., O’Neill,P.M., Fidock,D.A., Warhurst,D.C. &Ward,S.A. 
(2006) PfCRT and the trans-vacuolar proton electrochemical gradient: regulating the access of 
chloroquine to ferriprotoporphyrin IX. Molecular Microbiology, 62(1), 238-251. 
Burgess,S.J., Selzer,A., Kelly,J.X., Smilkstein,M.J., Riscoe,M.K. & Peyton,D.H. (2006) A 
Chloroquine-like molecule designed to reverse resistance in Plasmodium falciparum. Journal of 
Medicinal Chemistry, 49, 5623-5625. 
Camelo-Nunes,I.C. (2006) New Antihistamines: a critical view. Jornal de Pediatria, 82(5), 173-
180. 
Chong,C.R., Sullivan, Jr., D.J., (2003). Inhibition of heme crystal growth by antimalarials and 
other compounds: implications for drug discovery. Biochemical Pharmacolgy, 66(11), 2201-
2212. 
Chong,C.R., Chen,X., Shi,L., Liu,J.O. & Sullivan,D.J.Jr. (2006) A clinical drug library screen 
identifies astemizole as an antimalarial agent. Nature Chemical Biology, 2, 415-416. 
Chou,I. & Fitch,C.D. (1981) Mechanism of haemolysis induced by ferriprotoporphyrin IX. 
Journal of Clinical Investigation, 68(3), 672-677. 
DiMasi,J., Hansen,R. & Grabowski,H. (2003) "The price of innovation: new estimates of drug 
development costs". Journal of Health Economics, 22(2), 151-185. 
De Vries,P.J. & Dien,T.K. (1996) Clinical pharmacology and therapeutic potential of artemisinin 
and its derivatives in the treatment of malaria. Drugs, 52, 818-36.  
Egan,T.J., Hunter,R., Kaschula,C.H., Marques,H.M., Misplon,A. & Walden,J. (2000) Structure-
function relationships in aminoquinolines: effect of amino and chloro groups on quinoline-
 
 
 
 
78 
 
hematin complex formation, inhibiting of beta-hematin formation and antiplasmodial activity. 
Journal of Medicinal Chemistry, 43(2), 283-291. 
Egan,T.J., Combrinck,J.M., Egan,J., Hearne,G.R., Marques,H.M., Ntenteni,S., Sewell,B.T., 
Smith,P.J., Taylor,D., Van Schalkwyk,D.A. & Walden,J.C. (2002) Fate of haem iron in the 
malaria parasite Plasmodium falciparum. Biochemical Journal, 365, 343-347. 
Egan,T.J.,(2004). Haemozoin formation as a target for the rational design of new antimalarials. 
Drug Design Reviews, 1(1), 93-110. 
Elmendorf,H.G. & Haldar,K. (1993) Identification and localization of ERD2 in the malaria 
parasite Plasmodium falciparum: separation from sites of sphingomyelin synthesis and 
implications for organization of the Golgi. EMBO Journal, 12, 4763-4773. 
Elmendorf,H.G. & Haldar,K. (1994) Plasmodium falciparum exports the Golgi marker 
sphingomyelin synthase into a tubovesicular network in the cytoplasm of mature erythrocytes. 
Journal of Cell Biology, 124, 449-462. 
Evans,S.G., Butkow,N., Stilwell,C., Berk,M.,  Kirchmann,N., &  Havlik,I. (1998) Citalopram 
enhances the activity of chloroquine in resistant plasmodium in vitro and in vivo. Journal of 
Pharmacology and Experimental Therapeutics, 286, 172-174. 
Famin,O. & Ginsburg,H. (2002) Differential effects of 4-aminoquinoline-containing antimalarial 
drugs on hemoglobin digestion in Plasmodium falciparum-infected erythrocytes. Biochemical 
Pharmacology, 63, 393-398. 
Fedi,V., Guidi,A. & Altamura,M. (2008) Tricyclic Structures in Medicinal Chemistry: An 
Overview of their Recent Uses in Non-CNS Pathologies. Mini Reviews in Medicinal Chemistry, 
8(14), 1464-1484. 
Fehintola,F.A, Olayemi,O., Osungbade,K., Tongo,O., Olomu,S.A., Falade,C.O., Salako,B.L. & 
Sowunmi,A. (2004) Profile of chloroquine-induced pruritis in Nigerian children resident in 
Ibadan Nigeria. African Journal Biomedical Research, 7(3), 97-101. 
Fitch,C.D., Chen,Y. & Cai,G. (2003) Chloroquine-induced Masking of a Lipid That Promotes 
Ferriprotoporphyrin IX Dimerization in Malaria. The Journal of Biological Chemistry, 278(25), 
22596-22599. 
 
 
 
 
79 
 
Fitch,C.D. & Russel,N.V. (2006) Accelerated Denaturation of Haemoglobin and the Antimalarial 
Action of chloroquine. Antimicrobial Agents and Chemotherapy, 50(7), 2415-2419. 
Fujioka,H. & Aikawa,M. (2002) Structure and life cycle. Chemical Immunology, 80, 1-26. 
Gbotosho,G.O., Happi,C.T., Sijuade,A., Ogundahunsi,O., Sowunmi,A. & Oduola,A.M.J. (2008) 
Comparative study of interactions between chloroquine and chlorpheniramine or promethazine in 
healthy volunteers: a potential combination-therapy phenomenon for resuscitating chloroquine 
for malaria treatment in Africa. Annuals Tropical Medicine and Parasitology, 102, 3-9. 
Gerena,L., Bass,G.T., Kyle,D.E., Oduola,A.M.J., Milhous,W.K. & Martin,R.K. (1992) 
Fluoxetine hydrochloride enhances in vitro susceptibility to chloroquine in resistant Plasmodium 
falciparum. Antimicrobial Agents and Chemotherapy, 36(12), 2761-2765. 
Ghosh,S., Chan,J.M., Lea,C.R., Meints,G.A., Lewis,J.C., Tovian,Z.S., Flessner,R.M., 
Loftus,T.C., Bruchhaus,I., Kendrick,H., Croft,S.L., Kemp,R.G., Kobayashi,S., Nozaki,T. & 
Oldfield,E. (2004) Effects of bisphosphonates on the growth of Entamoeba histolytica and 
Plasmodium species in vitro and in vivo. Journal of Medicinal Chemistry, 7, 175-87. 
Ginsburg,H., Famin,O., Zhang,J-M. & Krugliak,M. (1998) Inhibition of gluthathione- dependant 
degradation of haem by chloroquine and amodiaquine as possible basis for their antimalarial 
mode of action. Biochemical Pharmacology, 56, 1305-1313. 
Guan,J., Kyle,D.E., Gerena,L., Zhang,Q., Milhous,W.K. & Lin,A.J. (2002) Design, synthesis and 
evaluation of new chemosensitisers in multi-drug-resistant Plasmodium falciparum. Journal of 
Medicinal Chemistry, 45, 2741-2748. 
Gupta,S., Thapar,M.M., Wernsdorfer,W.H. & Bjorkman,A. (2002) In vitro interactions of 
artemisinin with atovaquone, quinine, and mefloquine against Plasmodium falciparum. 
Antimicrobial Agents Chemotherapy, 46, 1510-1515. 
Haldar,K., Samuel,B.U., Mohandas,N., Harrison,T. & Hiller,N.L. (2001) Transport mechanisms 
in Plasmodium infected erythrocytes: Lipid rafts and a tubovesicular network. International 
Journal for Parasitology, 31, 1393-1340. 
Hayward,R., Saliba,K.J. & Kirk,K. (2006) The pH of the digestive vacuole of Plasmodium 
falciparum is not associated with chloroquine resistance. Journal of Cell Science, 119, 1016-
1025. 
 
 
 
 
80 
 
Hoppe,H.C., Van Schalkwyk,D.A., Wiehart,U.I.M., Meridith,S.A., Egan,J. & Weber,B.W. 
(2004) Antimalarial quinolones and artemisinin inhibit endocytosis in Plasmodium falciparum. 
Antimicrobial Agents and Chemotherapy, 48(7), 2370-2378. 
Huy,N.T., Kamei,K., Kondo,Y., Serada,S., Kanaori, K., Takano,R., Tajima,K., & Hara,S. 
(2002a). Effect of antifungal azoles on the heme detoxification systemof malarial parasite. 
Journal of Biochemistry, 131(3), 437-444. 
Huy,N.T., Kamei,K., Yamamoto,T., Kondo,Y., Kanaori, K., Takano,R., Tajima,K., & Hara,S. 
(2002b) Clotrimazole binds to heme and enhances heme-dependant hemolysis: proposed 
antimalarial mechanism of clotrimazole. The Journal of Biological Chemistry, 277(6), 4152-
4158. 
Ibezim, E.C., & Odo,C. (2006) Current trends in malarial chemotherapy. African Journal of 
Biotechnology, 7(4), 349-356. 
Jani,D., Nagarkatti,R., Beatty,W., Angel,R., Slebodnick,C., Andersen,J., Kumar,S. & Rathore,D. 
(2008) HDP—A Novel Haem Detoxification Protein from the Malaria Parasite. PLoS Pathogen, 
4(4). 
Johnson,D.J., Owen,A., Plant,N., Bray,P.G. & Ward,S.A.  (2008) Drug-Regulated Expression of 
Plasmodium falciparum P-Glycoprotein Homologue 1: A Putative Role for Nuclear Receptors. 
Antimicrobial Agents and Chemotherapy, 52(4), 1438-1445. 
Kalkinidis,M., Klonis,N., Tilley,L. & Deady,L.W. (2002) Novel phenothiazine antimalarials: 
synthesis, antimalarial activity and inhibition of the formation of β-haematin. Biochemical 
Pharmacology, 63, 833-842. 
Kristiansen,J.E. & Amaral,L. (1997) The potential management of resistant infections with non-
antibiotics. Journal of Antimicrobial Chemotherapy, 40, 319-327. 
Krogstad,D.J., Schlesinger,P.H. & Gluzman,I.Y. (1985) Antimalarials increase vesicle pH in 
Plasmodium falciparum. The Journal of Cell Biology, 101, 2302-2309. 
Krogstad,D.J., Gluzman,I.Y., Kyle,D.E., Oduola,A.M.J., Martin,S.K., Milhous,W.K. & 
Schlesinger,P.H. (1987) Efflux of chloroquine from Plasmodium falciparum: mechanism of 
chloroquine  resistance. Science, 238, 1283-1285. 
 
 
 
 
81 
 
Krugliak,M., Zhang,J. & Ginsburg,H. (2002) Intraerythrocytic Plasmodium falciparum utilizes 
only a fraction of the amino acids derived from the digestion of host cell cytosol for the 
biosynthesis of its proteins. Molecular and Biochemical parasitology, 119(2), 249-256. 
Kumar, S., Guha,M., Choubey,V., Maity,P. &  Bandyopadhyay,U. (2007) Antimalarial drugs 
inhibiting haemozoin (beta-hematin) formation: a mechanistic update. Life Sciences. 80, 813-
828.  
Kyle,D.E., Milhous,W.K. & Rossan,R.N. (1993) Reversal of Plasmodium falciparum resistance 
to chloroquine in Panamanian Aotus Monkeys. The American Journal of Tropical Medicine and 
Hygiene, 48(1), 126-133. 
Lambros,C., & Vanderberg,J.P. (1979) Synchronization of Plasmodium falciparum erythrocytic 
stages in culture. Journal of Parasitology. 65, 418-420.  
Lau,H.Y.A, & Pearce,F.L. (1990) Effects of antihistamines on isolated rat peritoneal mast cells 
and on model membrane systems. Agents and Actions, 29(3/4) 151-161. 
Loria,P., Miller,S., Foley,M. & Tilley,L. (1999) Inhibition of the peroxidative degradation of 
haem as the basis of action of chloroquine and other antimalarials. Biochemical Journal, 339, 
363-370. 
Makler,M.T., Ries,J.M., Williams,J.A., Bancroft,J.E., Piper,R.C., Gibbons,B.L & Hinrichs,D.J. 
(1993) Parasite lactate dehydrogenase as an assay for Plasmodium falciparum drug sensitivity. 
The American Journal of Tropical Medicine and Hygiene, 48(6), 739-74. 
Martin,M.B., Grimley,J.S., Lewis,J.C., Heath,H.T.3rd., Bailey,B.N., Kendrick,H., Yardley,V., 
Caldera,A., Lira,R., Urbina,J.A., Moreno,S.N., Docampo,R., Croft,S.L. & Oldfield,E. (2001) 
Bisphosphonates inhibit the growth of Trypanosoma brucei, Trypanosoma cruzi, Leishmania 
donovani, Toxoplasma gondii, and Plasmodium falciparum: A potential route to 
chemotherapy. Journal Medical Chemistry, 44, 909-916.   
Martin,R.E. & Kirk,K. (2004) The malaria parasite’s chloroquine resistance transporter is a 
member of the drug/ transporter superfamily. Molecular Biology Evolution, 21(10), 1938-1949. 
Martin,S.K., Oduola,A.M.J. & Milhous,W.K. (1987) Reversal of chloroquine resistance in 
Plasmodium falciparum by verapamil. Science, 235, 899-901. 
 
 
 
 
82 
 
Martiney,J.A., Cerami,A. & Slater,A.F.G. (1995) Verapamil reversal of chloroquine resistance in 
the malaria parasite Plasmodium falciparum is specific for resistant parasites and independent of 
the weak base effect. The Journal of Biological Chemistry, 270(38), 22393-22398. 
Menezes,C.M., Kirchgatter,K., Di Santi,S.M., Savalli,C., Monteiro,F.G., Paula,G.A. & 
Ferreira,E.I. (1997) Antimalarial effect in vitro and lack of modulating effect of desipramine and 
imipramine. Transactions of the Royal Society of Tropical Medicine and Hygiene, 91(6), 697-
700. 
Menezes,C.M.S., Kirchgatter,K., Di Santi,S.M., Savalli,C., Monteiro,F.G., Paula,G.A. & 
Ferreira,E.I. (2002) In vitro chloroquine resistance modulation study on fresh isolates of 
Brazilian  Plasmodium falciparum: intrinsic antimalarial activity of phenothiazine drugs. 
Memorias do Instituto Oswaldo Cruz, 97(7), 1033-1039. 
Menezes,C.M.S., Kirchgatter,K., Di Santi,S.M., Savalli,C., Monteiro,F.G., Paula,G.A. & 
Ferreira,E.I. (2003) In vitro evaluation of verapamil and other modulating agents in Brazilian 
chloroquine-resistant Plasmodium falciparum isolates. Revista da Sociedade Brasileira de 
Medicina Tropical, 36(1), 5-9. 
Mueller,I., Zimmerman,P.A. & Reeder,J.C. ( 2007) "Plasmodium malariae and Plasmodium 
ovale--the "bashful" malaria parasites".Trends in Parasitology, 23(6), 278-83. 
Musonda,C., Whitlock,G.A., Witty,M.J., Brun,R. & Kaiser M. (2009) Chloroquine-astemizole 
hybrids with potent in vitro and in vivo antiplasmodial activity. Bioorganic & Medicinal 
Chemistry Letters, 19, 481-484. 
Nakornchai,S., & Konthiang,P. (2006) Potentiation of antimalarial drug action by 
chlorpheniramine against multidrug-resistant Plasmodium falciparum in vitro. Parasitology 
International, 55, 195-199. 
Nduati,E.W. & Kamau,E.M. (2006) Multiple synergistic interactions between atovaquone and 
antifolates against Plasmodium falciparum in vitro: A rational basis for combination therapy. 
Acta Tropica, 97(3), 357-363.  
Nelson,A.L., Purfield,A., McDaniel,P., Uthaimongkol,N., Buathong,N., Sriwichai,S., 
Miller,R.S., Wongsrichanalai,C. & Meshnick,S.R. (2005) pfmdr1 genotyping and in vivo 
mefloquine resistance on the Thai-Myanmar border. American Journal of Tropical Medicine and 
Hygiene, 72(5), 586-592. 
 
 
 
 
83 
 
Nelson,W.L. (2007). "Antihistamines and Related Antiallergic and Antiulcer Agents".in William 
O. Foye, Thomas L. Lemke and David A. Williams. Foye's Principles of Medicinal Chemistry. 
Hagerstown, Maryland, Lippincott Williams & Wilkins, 1004–1027. 
Odds,F.C. (2003) Synergy, antagonism, and what the chequerboard puts between them. Journal 
of Antimicrobial Chemotherapy, 52, 1. 
Oduola,A.M.J., Sowunmi,A., Milhous,W.K., Brewer,T.G., Kyle,D.E., Gerena,L., Rossan,R.N., 
Salako,L.A. & Schuster,B.G. (1998) In vitro and in vivo reversal of chloroquine resistance in 
Plasmodium falciparum with promethazine. The American Journal of Tropical Medicine and 
Hygiene, 58(5), 625-629. 
Okonkwo,C.A., Coker,H.A.B., Agomo,P.U., Ogunbanwo,J.A., Mafe,A.G., Agomo,C.O. & 
Afolabi,B.M. (1999) Effect of chlorpheniramine on the pharmacokinetics of response to 
chloroquine of Nigerian children with falciparum malaria Transactions of the Royal Society of 
Tropical Medicine and Hygiene., 93, 306-311. 
Ouellette,M. (2001) Biochemical and molecular mechanisms of drug resistance in 
parasites.Tropical Medicine International Health, 6, 874-882. 
Peters,W., Ekong,R., Robinson,B.L., Warhurst,D.C. & Pan,X. (1989) Antihistaminic drugs that 
reverse chloroquine resistance in Plasmodium falciparum. Lancet 2(8658), 334-335. 
Peters,W., Ekong,R., Robinson,B.L., Warhurst,D.C. & Pan,X. (1990) The chemotherapy of 
rodent malaria. XLV. Reversal of chloroquine resistance in rodent and human Plasmodium by 
antihistaminic agents. Annals of Tropical Medicine and Parasitology, 84(6), 541-551. 
Pouliot,J-F., L’Heureux,F., Liu,Z., Prichard,R.K. & Georges,E. (1997) Reversal of P-
glycoprotein-associated multidrug resistance by Ivermectin. Biochemical Pharmacology, 53, 17-
25. 
Pradines,B., Alibert,S., Houdoin,C., Santelli-Rouvier, C., Mosnier,J., Fusai,T., Rogier,C., Barbe, 
J. & Parzy D. (2002) In vitro increase in chloroquine accumulation induced by dihydroethano- 
and ethenoanthracene derivatives in Plasmodium falciparum-parasitized erythrocytes.  
Antimicrobial Agents and Chemotherapy, 46, 2061-2068. 
Price,R.N., Cassar,C., Brockman,A., Duraisingh,M., Van Vugt,M., White,N.J., Nosten,F. &  
Krishna,S. (1999) The pfmdr1 gene is associated with a multidrug-resistant phenotype in 
 
 
 
 
84 
 
Plasmodium falciparum from the western border of Thailand. Antimicrobial Agents and 
Chemotherapy, 43(12), 2943-2949. 
Robert,A., Benoit-Vical,F., Dechy-Cabaret,O. & Meunier,B. (2001) From classical antimalarial 
drugs to new compounds based on the mechanism of action of artemisinin. Pure and Applied 
Chemistry, 73, 1173-1188. 
Roberts,L., Egan,T.J., Joiner,K.A. & Hoppe,H.C. (2008) Differential effects of quinoline 
antimalarials on endocytosis in Plasmodium falciparum. Antimicrobial Agents and 
Chemotherapy, 52, 1840-1842. 
Rohrbach,P., Sanchez,C.P, Hayton,K., Friedrich,O., Patel,J., Sidhu,A.B.S., Ferdig,M.T., Fidock, 
D.A. & Lanzer,M. (2006) Genetic linkage of pfmdr1 with food vacuolar solute import in 
Plasmodium falciparum.  The EMBO Journal, 25, 3000-3011. 
Sannella,A.R., Casini,A., Gabbiani,C., Messori,L., Bilia,A.R., Vincieri,F.F., Majori,G. & 
Severini C. (2008) New uses for old drugs. Auranofin, a clinically established antiarthritic 
metallodrug, exhibits potent antimalarial effects in vitro: Mechanistic and pharmacological 
implications. FEBS letters, 582(6), 844-847. 
Sherman,I.W. (1979). Biochemistry of Plasmodium (malarial parasites). Microbiology and 
Molecular Biology Reviews, 43, 453-495. 
Sidhu,A.B.S., Vernier-Pinard,D. & Fidock,D.A. (2002) Chloroquine resistance in Plasmodium 
falciparum malaria parasites conferred by pfcrt mutations. Science, 298, 210-213. 
Sidhu,A.B.S., Uhlemann,A.C., Valderramos,S.G., Valderramos,J.C., Krishna,S. & Fidock,D.A. 
(2006) Decreasing pfmdr1 copy number in Plasmodium falciparum malaria heightens 
susceptibility to mefloquine, lumefantrine, halofantrine, quinine, and artemisinin. The Journal 
Infectious Diseases, 194, 528-535. 
Simons,F. & Estelle,R. (2004). "Advances in H1-Antihistamines".The New England Journal of 
Medicine, 351(21), 2203-17. 
Singh,N. & Puri,S.K. (1998) Causal prophylactic activity of antihistaminic agents 
against Plasmodium yoelii nigeriensis infection in Swiss mice. Acta Tropica, 69, 255-260. 
 
 
 
 
85 
 
Singh,N. & Puri,S.K. (2000) Interaction between chloroquine and diverse pharmacological 
agents in chloroquine resistant Plasmodium yoelii nigeriensis. Acta Tropica, 77, 185-193. 
Singh,N. & Puri,S.K. (2000) Modulation of halofantrine resistance after coadministration of 
halofantrine with diverse pharmacological agents in a rodent malaria model. Life Sciences, 67, 
1345-1354. 
Sowunmi,A., Oduola,A.M.J., Ogundahunsi,O.A.T., Falade,C.O., Gbotosho,G.O. & Salako,L.A. 
(1997) Enhanced efficacy of Chloroquine-chlorpheniramine combination in acute uncomplicated 
falciparum malaria in children. Transactions of the Royal Society of Tropical Medicine and 
Hygiene, 91, 63-67. 
Sowunmi,A., Gbotosho,G.O., Happi,C.T., Adedeji,A.A., Bolaji,O.M., Fehintola,F.A.,  
Fateye,B.A. &  Oduola,A.M. (2007) Enhancement of the antimalarial efficacy of amodiaquine 
by chlorpheniramine in vivo. Mem. Inst. Oswaldo Cruz, 102, 417-419. 
Sullivan,D.J, Gluzman,I.Y., Russel,D.J. & Goldberg,D.E. (1996) On the molecular mechanism 
of Chloroquine’s antimalarial action. Proceedings of the National Academy of Sciences of the 
USA, 93, 11865-11870. 
Sullivan,D.J. (2002) Theories on malarial pigment formation and quinoline action. International. 
Journal for Parasitology. 32, 1645-1653. 
Taylor,D., Walden,J.C., Robins,A.H. & Smith,P.J. (2000) Role of the neurotransmitter reuptake- 
blocking activity of antidepressants in reversing Chloroquine resistance in Plasmodium 
falciparum. Antimicrobial Agents and Chemotherapy, 44(10), 2689-2692. 
Tiffert,T., Ginsburg,H., Krugliak,M., Elford,BC., & Lew,V.L., (2000) Potent antimalarial 
activity of clotrimazole in in vitro cultures of Plasmodium falciparum. Proceedings of the 
National Academy of Sciences of the United States of America, 97(1), 331-336. 
Trager,W., & Jensen,J.B. (1976) Human malaria parasites in continuous culture. Science, 193, 
673-675. 
Valecha,N., Biswas,S., Srivastava,A. & Devi,U. (1992) Potentiation Of Chloroquine Action 
Against Plasmodium Falciparum In Vitro By Verapamil And Cyproheptadine. Indian Journal of 
Pharmacology, 24, 158-16. 
 
 
 
 
86 
 
Van Schalkwyk,D.A., Walden,J.C. & Smith,P.J. (2001) Reversal of chloroquine resistance in 
Plasmodium falciparum using combinations of chemosensitisers. Antimicrobial Agents and 
Chemotherapy, 45(11), 3171-3174. 
Waller,R.F., Reed,M.B., Cowman,A.F. & McFadden,G.I. (2000) Protein trafficking to the plastid 
of Plasmodium falciparum is via the secretory pathway. EMBO Journal, 19, 1794-1802. 
Weisman, J.L., Liou,A.P., Shelat,A.A., Cohen,F.E., Guy,R.K. & DeRisi,J.L. (2006) Searching 
for new antimalarial therapeutics amongst known drugs. Chemical Biology and Drug Design, 67, 
409-416. 
Wickham,M.E., Rug,M., Ralph,S.A., Klonis,N., McFadden,G.I., Tilley,L. & Cowman,A.F. 
(2001)  Trafficking and assembly of the cytoadherence complex in  Plasmodium falciparum-
infected human  erythrocytes. EMBO Journal, 20, 5636-5649. 
Winstanley,P. (2003) The contribution of clinical pharmacology to antimalarial drug discovery 
and development. The Journal of Clinical Pharmacology, 55, 464-468. 
WHO, World Malaria Report 2009. Geneva. 2009. 
Yayon,A., Cabantchik,Z.I. & Ginsburg,H. (1984) Identification of the acidic compartment of 
Plasmodium falciparum- infected erythrocytes as the target of the antimalarial drug chloroquine. 
The EMBO Journal, 3(11), 2695- 2700. 
Yayon,A., Cabantchik,Z.I. & Ginsburg,H. (1985) Susceptibilty of human malaria parasites to 
chloroquine is pH dependant. Proceedings of the National Academy of Sciences of the USA, 82, 
2784-2788. 
 
 
 
 
 
 
 
 
 
87 
 
APPENDIX 1:  D10 (µmol) 
1. CHLORPHENIRAMINE 
 
 
IC 50 
CQ 75%CQ 
25%CHLORPHENIRAMINE 
50%CQ 
50% CHLORPHENIRAMINE  
25%CQ 
75%CHLORPHENIRAMINE 
0.031 0.0315 0.0231 0.0105 
FIC CQ  1 0.74 0.34 
 
 
IC 50 
DRUG 25%CHLORPHENIRAMINE 
75%CQ 
50% CHLORPHENIRAMINE 
 50%CQ 
75%CHLORPHENIRAMINE 
25%CQ 
75.8 20.07 43.4 58.4 
FIC DRUG  0.26 0.57 0.77 
FIC INDEX  1.26 1.31 1.11 
 
2. TRIPROLIDINE 
 
 
IC 50 
CQ 75%CQ 
25%TRIPROLIDINE 
50%CQ 
50% TRIPROLIDINE 
25%CQ 
75% TRIPROLIDINE 
0.020 0.025 0.022 0.011 
FIC CQ  1.25 1.1 0.55 
 
 
IC 50 
DRUG 25% TRIPROLIDINE 
75%CQ 
50% TRIPROLIDINE 
 50%CQ 
75% TRIPROLIDINE 
25%CQ 
83.4 15.4 35.3 58.8 
FIC DRUG  0.19 0.42 0.70 
FIC INDEX  1.44 1.52 1.25 
 
3. CARBINOXAMINE 
 
 
IC 50 
CQ 75%CQ 
25%CARBINOXAMINE 
50%CQ 
50% CARBINOXAMINE 
25%CQ 
75% CARBINOXAMINE 
0.019 0.016 0.014 0.0052 
FIC CQ  0.84 0.73 0.27 
 
 
IC 50 
DRUG 25% CARBINOXAMINE 
75%CQ 
50% CARBINOXAMINE  
 50%CQ 
75% CARBINOXAMINE 
25%CQ 
42.99 9.57 25.1 28.1 
FIC DRUG  0.22 0.58 0.65 
FIC INDEX  1.06 1.31 0.92 
 
4. DIPHENHYDRAMINE 
 
 
IC 50 
CQ 75%CQ 
25%DIPHENHYDRAMINE 
50%CQ 
50% DIPHENHYDRAMINE 
25%CQ 
75%DIPHENHYDRAMINE 
0.019 0.014 0.014 0.007 
FIC CQ  0.74 0.74 0.37 
 
 
IC 50 
DRUG 25% DIPHENYDRAMINE 
75%CQ 
50% DIPHENHYDRAMINE 
 50%CQ 
75%DIPHENHYDRAMINE 
25%CQ 
54.0 9.5 28.3 44.29 
FIC DRUG  0.17 0.52 0.82 
FIC INDEX  0.91 1.26 1.19 
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5. DOXYLAMINE 
 
 
IC 50 
CQ 75%CQ 
25%DOXYLAMINE 
50%CQ 
50% DOXYLAMINE 
25%CQ 
75% DOXYLAMINE 
0.011 0.012 0.011 0.013 
FIC CQ  1.09 1 1.18 
 
 
IC 50 
DRUG 25% DOXYLAMINE 
75%CQ 
50% DOXYLAMINE 
 50%CQ 
75% DOXYLAMINE 
25%CQ 
683.9 7.73 21.3 73.8 
FIC DRUG  0.011 0.03 0.10 
FIC INDEX  1.011 1.03 1.28 
 
6. ANTAZOLINE 
 
 
IC 50 
CQ 75%CQ 
25%ANTAZOLINE 
50%CQ 
50% ANTAZOLINE  
25%CQ 
75% ANTAZOLINE  
0.011 0.011 0.008 0.006 
FIC CQ  1 0.73 0.55 
 
 
IC 50 
DRUG 25% ANTAZOLINE  
75%CQ 
50% ANTAZOLINE 
 50%CQ 
75% ANTAZOLINE 
25%CQ 
38.8 5.01 12.6 28.18 
FIC DRUG  0.13 0.32 0.73 
FIC INDEX  1.13 1.05 1.28 
 
7. PYRILAMINE 
 
 
IC 50 
CQ 75%CQ 
25%PYRILAMINE 
50%CQ 
50% PYRILAMINE 
25%CQ 
75% PYRILAMINE 
0.014 0.013 0.011 0.005 
FIC CQ  0.93 0.79 0.36 
 
 
IC 50 
DRUG 25% PYRILAMINE   
75%CQ 
50% PYRILAMINE  
 50%CQ 
75% PYRILAMINE 
25%CQ 
25.856 7.642 19.146 25.355 
FIC DRUG  0.30 0.74 0.98 
FIC INDEX  1.23 1.53 1.34 
       
8. TRIPELENAMINE 
 
 
IC 50 
CQ 75%CQ 
25%TRIPELENAMINE 
50%CQ 
50% TRIPELENAMINE  
25%CQ 
75% TRIPELENAMINE 
0.017 0.017 0.015 0.009 
FIC CQ  1 0.88 0.53 
 
 
IC 50 
DRUG 25% TRIPELENAMINE 
75%CQ 
50% TRIPELENAMINE  
 50%CQ 
75% TRIPELENAMINE 
25%CQ 
84.744 11.032 29.899 53.376 
FIC DRUG  0.13 0.35 0.63 
FIC INDEX  1.13 1.23 1.16 
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9.  CYPROHEPTADINE  
 
 
IC 50 
CQ 75%CQ 
25%CYPROHEPTADINE 
50%CQ 
50% CYPROHETADINE  
25%CQ 
75% CYPROHEPTADINE 
0.02 0.008 0.003 0.001 
FIC CQ  0.4 0.15 0.05 
 
 
IC 50 
DRUG 25% CYPROHEPTADINE 
75%CQ 
50% CYPROHEPTADINE  
 50%CQ 
75% CYPROHEPTADINE 
25%CQ 
6.006 4.569 5.428 5.327 
FIC DRUG  0.76 0.90 0.89 
FIC INDEX  1.16 1.05 0.94 
 
10. KETOTIFEN 
 
 
IC 50 
CQ 75%CQ 
25% CYPROHETADINE 
50%CQ 
50% CYPROHETADINE 
25%CQ 
75% CYPROHETADINE  
0.010 0.007 0.002 0.001 
FIC CQ  0.7 0.2 0.1 
 
 
IC 50 
DRUG 25% CYPROHETADINE 
75%CQ 
50% CYPROHETADINE  
 50%CQ 
75% CYPROHETADINE 
25%CQ 
5.953 4.027 2.555 5.636 
FIC DRUG  0.68 0.43 1 
FIC INDEX  1.38 0.63 1.1 
 
11. CETIRIZINE 
 
 
IC 50 
CQ 75%CQ 
25%CETIRIZINE 
50%CQ 
50% CETIRIZINE 
25%CQ 
75% CETIRIZINE  
0.010 0.009 0.009 0.013 
FIC CQ  0.9 0.9 1.3 
 
 
IC 50 
DRUG 25% CETIRIZINE      
75%CQ 
50% CETIRIZINE  
 50%CQ 
75% CETIRIZINE   
25%CQ 
44.177 4.161 11.857 51.274 
FIC DRUG  0.09 0.27 1.16 
FIC INDEX  0.99 1.17 2.46 
 
12. DESLORATADINE 
 
 
IC 50 
CQ 75%CQ 
25%DESLORATADINE 
50%CQ 
50% DESLORATADINE 
25%CQ 
75% DESLORATADINE  
0.030 0.009 0.003 0.001 
FIC CQ  0.3 0.1 0.03 
 
 
IC 50 
DRUG 25% DESLORATADINE 
75%CQ 
50% DESLORATADINE  
 50%CQ 
75% DESLORATADINE 
25%CQ 
5.415 4.974 4.855 4.591 
FIC DRUG  0.92 0.90 0.85 
FIC INDEX  1.22 1.00 0.88 
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13. LORATADINE 
 
 
IC 50 
CQ 75%CQ 
25%LORATADINE 
50%CQ 
50% LORATADINE 
25%CQ 
75% LORATADINE 
0.019 0.018 0.009 0.002 
FIC CQ  0.95 0.47 0.11 
 
 
IC 50 
DRUG 25% LORATADINE  
75%CQ 
/50% LORATADINE 
 50%CQ 
75% LORATADINE 
25%CQ 
7.201 8.125 11.808 10.003 
FIC DRUG  1.13 1.64 1.39 
FIC INDEX  2.08 2.11 1.50 
 
14. 3‐(1H‐IMIDAZOL‐4‐YL)PROPYL‐DI(P‐FLUOROPHENYL)METHYL ETHER HCL (3H) 
 
 
IC 50 
CQ 75%CQ25% (3H) 50%CQ 50% (3H) 25%CQ 75% (3H) 
0.013 0.010 0.005 0.002 
FIC CQ  0.77 0.38 0.15 
 
 
IC 50 
DRUG 25%(3H) 75%CQ 50%(3H) 50%CQ 75% (3H)25%CQ 
7.088 4.759 7.289 8.462 
FIC DRUG  0.67 1.03 1.19 
FIC INDEX  1.44 1.41 1.34 
 
15. CIPROXIFAN 
 
 
IC 50 
CQ 75%CQ 
25%CIPROXIFAN 
50%CQ 
50% CIPROXIFAN 
25%CQ 
75% CIPROXIFAN 
0.018 0.013 0.006 0.002 
FIC CQ  0.72 0.33 0.11 
 
 
IC 50 
DRUG 25% CIPROXIFAN    
75%CQ 
50% CIPROXIFAN 
 50%CQ 
75% CIPROXIFAN 
25%CQ 
14.009 8.449 11.704 16.240 
FIC DRUG  0.60 0.84 1.16 
FIC INDEX  1.32 1.17 1.27 
 
16. THIOPERAMIDE 
 
 
IC 50 
CQ 75%CQ 
25%THIOPERAMIDE 
50%CQ 
50% THIOPERAMIDE 
25%CQ 
75% THIOPERAMIDE 
0.011 0.013 0.012 0.009 
FIC CQ  1.18 1.09 0.82 
 
 
IC 50 
DRUG 25% THIOPERAMIDE 
75%CQ 
50% THIOPERAMIDE  
 50%CQ 
75% THIOPERAMIDE 
25%CQ 
171.521 8.097 20.425 47.565 
FIC DRUG  0.07 0.17 0.40 
FIC INDEX  1.25 1.26 1.22 
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17. 2‐((3‐TRIFLUOROMETHYL)PHENYL)HISTAMINE DIMALEATE (TF) 
 
 
IC 50 
CQ 75%CQ 
25% (TF) 
50%CQ 
50% (TF) 
25%CQ 
75% (TF) 
0.010 0.008 0.006 0.003 
FIC CQ  0.8 0.6 0.3 
 
 
IC 50 
DRUG 25% (TF) 75%CQ 50% (TF ) 50%CQ 75%(TF) 25%CQ 
12.032 2.733 5.930 8.579 
FIC DRUG  0.23 0.49 0.71 
FIC INDEX  1.03 1.09 1.01 
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APPENDIX 2: DD2 (µmol) 
1. CHLORPHENIRAMINE 
 
 
IC 50 
CQ 75%CQ 
25%CHLORPHENIRAMINE 
50%CQ 
50% CHLORPHENIRAMINE  
25%CQ 
75%CHLORPHENIRAMINE 
0.159 0.066 0.094 0.074 
FIC CQ  0.42 0.59 0.47 
 
 
IC 50 
DRUG 25%CHLORPHENIRAMINE 
75%CQ 
50% CHLORPHENIRAMINE 
 50%CQ 
75%CHLORPHENIRAMINE 
25%CQ 
202.811 3.887 49.456 40.941 
FIC DRUG  0.02 0.24 0.20 
FIC INDEX  0.44 0.83 0.67 
 
2. TRIPROLIDINE 
 
 
IC 50 
CQ 75%CQ 
25%TRIPROLIDINE 
50%CQ 
50% TRIPROLIDINE 
25%CQ 
75% TRIPROLIDINE 
0.206 0.095 0.134 0.066 
FIC CQ  0.46 0.65 0.32 
 
 
IC 50 
DRUG 25% TRIPROLIDINE 
75%CQ 
50% TRIPROLIDINE 
 50%CQ 
75% TRIPROLIDINE 
25%CQ 
35.948 5.759 23.891 60.465 
FIC DRUG  0.16 0.66 1.68 
FIC INDEX  0.62 1.31 2.00 
 
3. PYRILAMINE 
 
 
IC 50 
CQ 75%CQ 
25%PYRILAMINE 
50%CQ 
50% PYRILAMINE 
25%CQ 
75% PYRILAMINE 
0.196 0.194 0.176 0.027 
FIC CQ  0.99 0.90 0.14 
 
 
IC 50 
DRUG 25% PYRILAMINE   
75%CQ 
50% PYRILAMINE  
 50%CQ 
75% PYRILAMINE 
25%CQ 
18.221 10.863 26.659 17.650 
FIC DRUG  0.60 1.46 0.97 
FIC INDEX  1.59 2.36 1.11 
 
4. CYPROHEPTADINE  
 
 
IC 50 
CQ 75%CQ 
25%CYPROHETADINE 
50%CQ 
50% CYPROHETADINE  
25%CQ 
75% CYPROHETADINE 
0.117 0.034 0.035 0.030 
FIC CQ  0.29 0.30 0.26 
 
 
IC 50 
DRUG 25% CYPROHETADINE 
75%CQ 
50% CYPROHETADINE  
 50%CQ 
75% CYPROHETADINE 
25%CQ 
13.525 2.261 6.392 14.040 
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FIC DRUG  0.17 0.47 1.04 
FIC INDEX  0.46 0.77 1.30 
 
 
 
5. KETOTIFEN 
 
 
IC 50 
CQ 75%CQ 
25% CYPROHETADINE 
50%CQ 
50% CYPROHETADINE 
25%CQ 
75% CYPROHETADINE  
0.139 0.050 0.059 0.063 
FIC CQ  0.36 0.42 0.45 
 
 
IC 50 
DRUG 25% CYPROHETADINE 
75%CQ 
50% CYPROHETADINE  
 50%CQ 
75% CYPROHETADINE 
25%CQ 
62.018 2.706 13.658 29.623 
FIC DRUG  0.04 0.22 0.48 
FIC INDEX  0.40 0.64 0.93 
 
6. CETIRIZINE 
 
 
IC 50 
CQ 75%CQ 
25%CETIRIZINE 
50%CQ 
50% CETIRIZINE 
25%CQ 
75% CETIRIZINE  
0.154 0.170 0.143 0.260 
FIC CQ  1.10 0.93 1.69 
 
 
IC 50 
DRUG 25% CETIRIZINE      
75%CQ 
50% CETIRIZINE  
 50%CQ 
75% CETIRIZINE   
25%CQ 
41.529 7.444 18.969 97.535 
FIC DRUG  0.18 0.46 2.35 
FIC INDEX  1.28 1.39 4.04 
 
7. DESLORATADINE 
 
 
IC 50 
CQ 75%CQ 
25%DESLORATADINE 
50%CQ 
50% DESLORATADINE 
25%CQ 
75% DESLORATADINE  
0.162 0.072 0.055 0.031 
FIC CQ  0.44 0.34 0.19 
 
 
IC 50 
DRUG 25% DESLORATADINE 
75%CQ 
50% DESLORATADINE  
 50%CQ 
75% DESLORATADINE 
25%CQ 
21.945 4.559 9.616 16.09 
FIC DRUG  0.21 0.44 0.73 
FIC INDEX  0.65 0.78 0.92 
 
8. LORATADINE 
 
 
IC 50 
CQ 75%CQ 
25%LORATADINE 
50%CQ 
50% LORATADINE 
25%CQ 
75% LORATADINE 
0.172 0.156 0.174 0.078 
FIC CQ  0.91 1.01 0.45 
 DRUG 25% LORATADINE  50% LORATADINE 75% LORATADINE 
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IC 50 
75%CQ  50%CQ 25%CQ 
6.27 7.09 20.954 21.252 
FIC DRUG  1.13 3.34 3.39 
FIC INDEX  2.04 4.35 3.84 
 
 
 
9. 3‐(1H‐IMIDAZOL‐4‐YL)PROPYL‐DI(P‐FLUOROPHENYL)METHYL ETHER HCL 
 
 
IC 50 
CQ 75%CQ 
25% (3H) 
50%CQ 
50%  (3H) 
25%CQ 
75%  (3H) 
0.131 0.252 0.125 0.033 
FIC CQ  1.92 0.95 0.25 
 
 
IC 50 
DRUG 25% (3H) 75%CQ 50% (3H) 50%CQ 75% (3H) 25%CQ 
15.523 11.973 17.713 14.202 
FIC DRUG  0.77 1.14 0.91 
FIC INDEX  2.69 2.09 1.16 
 
10. CIPROXIFAN 
 
 
IC 50 
CQ 75%CQ 
25%CIPROXIFAN 
50%CQ 
50% CIPROXIFAN 
25%CQ 
75% CIPROXIFAN 
0.035 0.032 0.026 0.022 
FIC CQ  0.91 0.74 0.63 
 
 
IC 50 
DRUG 25% CIPROXIFAN    
75%CQ 
50% CIPROXIFAN 
 50%CQ 
75% CIPROXIFAN 
25%CQ 
13.110 2.585 5.135 12.888 
FIC DRUG  0.20 0.39 0.98 
FIC INDEX  1.11 1.13 1.61 
 
11. THIOPERAMIDE 
 
 
IC 50 
CQ 75%CQ 
25%THIOPERAMIDE 
50%CQ 
50% THIOPERAMIDE 
25%CQ 
75% THIOPERAMIDE 
0.055 0.054 0.044 0.069 
FIC CQ  0.98 0.80 1.25 
 
 
IC 50 
DRUG 25% THIOPERAMIDE 
75%CQ 
50% THIOPERAMIDE  
 50%CQ 
75% THIOPERAMIDE 
25%CQ 
12.416 31.316 7.756 36.281 
FIC DRUG  2.52 0.62 2.92 
FIC INDEX  3.50 1.42 4.17 
 
 
 
 
 
